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. ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
Georgia Office of Energy ~eaources 
270 Washington St., N.W, 
Atlanta, Georgia 30339 
Attention; Mr. Ed Bistany 
Dear Ed: 
October 18, 1978 
Re: Monthly Progress Summary Letter 
for EES/GIT Research Project A-2227 
for period 1 August 1978 through 
31 August 1978 
This report covers work·on the Homebuilders Energy Workshop Program. 
Meetings with OER personnel for contract discussion and internal planning 




Thomas F. McGowan 
Research Engineer 
Project Director 
An Equol Employmont/Educntlon Opportunity Institution 
--
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OFTECHNOLOGY • ATLANTA, GEORGIA 30332 
Georgia Office of Energy ~esources 
270 Washington Street 1 N.W. 
Atlanta, Georgia 30334 
Attention: Mr. Ed Bistany 
Dear Ed; 
October 19, 1978 
Subject: Monthly Progress Summary 
Letter for EES/GIT 
Research Project A-2227 
for period 1 September 1978 
through 31 September 1978 
Organization and planning of this years Homebuilders Energy Workshops 
commenced in September. 
A meeting of the steering committee is set for October 4th at Georgia 
~ech. A list of those invited is Attached, as well as the agenda for the 
meeting . Dennis Coughlin, an As sistant Research Engineer with Georgia Tech, 
will be organizing and working on the workshop program. Preliminary 
discussions with Bob Gaar of OER and Dick Gecoma of the University of 
Georgia have taken place regarding the new State Ene r gy Codes. Their help 
will be instrumental in educating builders on new code requirements for 
energy conservation. 
TFMc / gg 
Attachment 
Sincerely yours, 
Thomas F. McGowan 
Research Engi neer 
Project Director 
An Equal Employment/Education Opportunity Institution 
- . ... ~ 
- - ....... 
TOPICAL AGENDA 
October 4, 1978 Home Builders Energy Workshops 
Planning Meeting 
A. Workshop Locations and Dates 
B. Energy Code Additions 
Depth of inclusion in this year's workshops 
. Possible support speakers 
• Energy ~ode effectiveness 
C. Targeted Audience 
. Home Builders 
. Real Estate Agents 
• Mortgage Bankers 
Code Officials 
D. Changes to Last Year's Workshop Content: 
• Introduction and statement of material to be covered. 
The energy crisis - the U.S. energy outlook. 
Energy saving devices and materials. 
Details of new construction techniques. 
Questions and answers . 
. Break . 
Standard construction vs. energy eff icient construction for 
3 house plans, includ i ng economic analysis . 
• Legislation. 
Economic analysis of alternate insulation and building systems. 
Questions and answers. 
Break . 
Sales strategy for selling the energy efficient home . 
Summary; e nergy do' s a nd don't' s . 
Questions and answers. 
E. Methods for Handling Loca l Arrangements 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
Georgia Office of Energy Resources 
270 Washington St., N.W. 
Atlanta, Georgia 30339 
Attention: Mr. Ed Bistany 
Dear Ed: 
November 2, 1978 
Re: Monthly Progress Summary 
Letter for EES/GIT Research 
Project A-2227 for period 
1 October 1978 through 31 
October 1978 
This report covers work on the Homebuilders Energy Workshop 
Program during October. 
We held the steering committee meeting as scheduled on October 
4th. The meeting went well, and agreement was reached on all items on 
the agenda. The only major change from last year's program is a heavy 
emphasis on the Georgia Energy Code and inclusion in the manual of a 
comparison of the Georgia Code, FHA and other standards which effect 
construction practices. We are pleased to have the assistance of Bob 
Gaar, of your office, in this part of the project. 
The rough draft of the builders manual is 75% completed, with only 
the new section on marketing and the code comparison still in process. 
Project schedules are being met and we recently sent out the full schedule 
of workshops and locations to members of the steering committee. Bulk 
mailing to individual builders will take place in November. 
TFM/cs 
Sincerely yours, 
Thomas F. McGowan 
Research Engineer 
Project Director 
An Equal Employment/Education Opponunlty Institution 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA. GEORGIA 30332 
Georgia Office of Energy Resources 
270 Washington Street, N.W. 
Atlanta, Georgia 30334 
Attention: Hr. Ed Bistany 
Dear Ed: 
1 December 1978 
Subject: Honthly Progress Sununary 
Letter for EES/GIT 
Research Project A-2227 
for period 1 November 1978 
through 30 November 1978 
The manual for the workshops was finished and printed this month. 
Binding and collating should be finished by the first week in December. 
The workshop announcement brochure is in the mail to the builders. 
Only the Atlanta mailing is still in progress. The graphics and visual 
materials are 80% complete and on schedule. Bob Garr, of your office, 
produced an excellent simplified guide to the Georgia Energy Code for 
inclusion in this year 's manual. Everything is on schedule and we are 
looking forward to the first two workshops in Carrollton on December 12th, 
and Calhoun on December 14th. 
TFM/jb 
Sincerely yours, 
Thomas F. McGowan 
Research Engineer 
Project Director 
An Equal Employment/Education Opportunity Institution 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA. GEORGIA 30332 
Georgia Office of Energy Resources 
270 Washington Street, N.W. 
Atlanta, Georgia 30334 
Attention: Mr. Ed Bistany 
Dear Ed: 
February 8, 1979 
Subject: Honthly Progress Summary 
Letter for EES/GIT 
Research Project A-2227 
for period 1 January 1979 
through 31 January 1979 
We finished the last six Homebuilder workshops in January. These 
included Atlanta, Augusta, Savannah, Macon, Columbus, and Saint Mary's/ 
Kingsland. A total of 403 people signed in, a nd we es timated 425 actually 
attended the workshops. We have on hand about 300 Homebuilder's Hanuals, 
several hundred copies were sent to Shannon St. John at OER, the rest were 
distributed at the workshops. 
We have contacted Bill Scott at E1~ regarding videotaping of the 
workshop; they do not appear to be interested in the project as they 
have not s hown up at the meetings. Repeated contacts with Bill Scott 
did not a ccomplish anything. 
As you know, we are planning an eleventh and f inal workshop for 
Harch 13th. John Pruitt from Georgia Power , and representatives from 
MAACA (Hetro Atlanta Airconditioning Contractors Associ a tion) have in-
vited us to put on the workshop for their HVAC contractor members. 
1'-FM/ j b 
Sincerely yours , 
Thomas F. McCowan 
Research Engineer 
An Equal Employment/Education Opportunity Insti tutio n 
ENGINEERING EXPERIMENT STATION 
GEORGIA INSTITUTE OF TECHNOLOGY • ATLANTA, GEORGIA 30332 
Georgia Office of Energy Resources 
270 Washington Street, N.W. 
Atlanta, Georgia 30334 
Attention: Mr. Ed Bistany 
Dear Ed: 
March 1, 1979 
Subject: Honthly Progress Sunnnary 
Letter for EES/GIT Research 
Project A-2227 for period 
1 February 1979 through 
28 February 1979 
We have mailed out the course attendance certificates to the majority 
of the people who attended the workshops. The remainder will go out within 
a week. 
As I mentioned in last month's progress report, we are presenting an 
extra workshop for heating and air conditioning contractors on March 13th. 
We are making some minor changes in format for this audience. Approximately 
110 manuals remain at Georgia Tech for use at this workshop, the remainder 
have been shipped to Shannon St. John at OER. We will not mail out completion 
certificates to the attendees at this final workshop to save cost and time, 
unless you feel strongly that this is worthwhile. 
The table that follows is a breakdown of the people attending the 10 
works hops. Of the people signed in, 25% were bui lders or developers, the 
business of 19% of the attendees could not be determined. Assuming that 
the builders and developers were an average portion of this group, their 
total would be 30% of those in attendance. I thi nk the breakdown of the 
other groups may interest you, especially the large representation from 
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Sincerely yours, 
Thoma s F. McGowan 
An Equal Employment/Educat io n Opportunity Institution 
ENGINEERING EXPERIMENT STATION 
GEORGIA IN STITUTE OF TECHNOLOGY • ATLANTA. GEORGIA 30332 
Georgia Office of Energy Resources 
270 Washington Street, N.W. 
Atlanta, Georgia 30334 
Attention: · Mr. Ed Bistany 
Dea r Ed: 
April 3, 1979 
Subject: Monthly Progress Summary 
Letter for EES/GIT Research 
Project A-2227 for period 
1 March 1979 through 
31 Ma rch 1979 
On March 13 we complet e d the eleventh a nd final workshop. As yo u know, 
this was a presentation to MAACA, a local heating and air conditioning con-
trac tors association. Bill Ec kes a nd Jim Wooly, the association's presi-
dent and vice president, along with Georgia Power Company organized this 
mee ting . The turnout was excellent, app roxima t e ly 100 a ttende d. We changed 
our presentation for this audience, adding more data on HVAC equipment and 
cost a nd deleting some information norma lly aimed at builders. 
The last of the co urse attendance cer tifica tes were sent out early 
this month. The originals and negatives of the Builders Manual have been 
turned over to Shannon St. John of OER for future reproduction. 
I am coordin a ting the second printing of the workshop manual with 
Ms. St. John; at y our request, we will continue the project fo r the month 
of April to facilitate the manual s ' reproduction. 
All work on contrac t A-2227 is comple t e with the exception of the 
second printing. The final report will be sent in April. 
Sincerely your s , 
Thomas F . McGowan 
Note: Per request: Extension - Cos t 
TFM/jb 
An Equal Employment/Education Opportunity Institu tion 
'1 
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t II- tY ... ,,~ , .. , ENGINEERING EXPERIMENT STATION 
( ,EQRGIA INSIITUTE OF r ECHNOLOGY • ATLANTA. GtOilGIA JOJJ2 
Georgia Office of Energy Resources 
270 Washington Stree t, N.W. 
Atlanta, Georgia 30JJ4 
ATTN: Mr. Ed Bistany 
Dear Ed: 
April 30, 1979 
Subject: Monthly Progress Summary 
Letter for EES/GIT Research 
Project A-2227 for period 
1 April 1979 through 
30 April 1979 
The month of April was spent coordinating the second printing of 
the workshop manual with the printing office at Georgia Tech. The 
printing bill is $1,943.04 for 2,500 copi~s. Per our conversation, 
th is CJmount will be <Hlded to the present contrnct. Ms. Shannon St. John 
ha s forwilrded one box of manuals for our use . 
This is the final monthly r eport for Project A-2227. The project 
summary and final report is being sent und er separate cover. 
Sincerely yours, 
Thomas F. McGowan 
TF~1/j h 
'1 
''}'Jf. I ~ 
ft.,, ~ I .~ ENGINEERING EXPERIMENT STATION 
C)IOHCilll IN : . I i llJTE 0~ HCHNOLO(jY • A 1 LAN1A. Cif:OH CiiA 30:3J/ 
Office of Energy Resources 
270 Washington Street, N.hl. 
Atlanta, Georgia 30334 
Attention: Mr. Ed Bistany 
Dear Ed: 
April 30, 1979 
Subject: final Report for EES /GIT 
Research Project A-2227 
Eot period 1 August 1978 
through 30 April 1979 
Total estimated attendance at this year ' s wo rkshops (total of eleve n) 
is 525 , up by 58 from last year. The average attendance i s 48 per work-
shop vs. 47 for last year. 
We have ex.1mjned ril e 1 i st. of the peorlc> \.JhP si.gned iu ;~t t il <:> [Lrst 
10 works hop s a nd Ji s ted th e m in the following table by bu s iness tvpe. 
Not e that 19% fall in the undetermined category. I t c an he ass umed t h n t 
these are equally distributed across t h e ot lter bus iness hendings . Us inf, 
that basis , builders and developers we re Jl % of the a udi~nce, HVAC ins tallers 
5%, suppliers 20%, utility company employees 27%, realtors 11%, lenders 6%. 
It appears that we are getting good repres entation, that in fa c t the 
build e rs are bringing the ir subcontractors, r ea ltors, e t c . It also appears 
tha t th e build e r s are rel a tive l y well e ducated in e n e rgy con s ervation a nd 
that mor e needs to b e done to ed uc at e the ot her people (lend e rs, code off i -
c ial s , etc.) involve~ who may be an impediment in getting an energy conser-
ving hou s e built and sold . 
I s urveyed the build ers to esUmate Btu s avin gs bro u g ht :'! bout by these 
workshops . The s urvey ins trume nt is attach e(. . Seventy - fiv e builders and 
d eve l o p e rs cornpl e tccl till:' s urv ey form ;1t. Lhe l•' ll t-ks llllf'S. r pers onaLly ca llPd 
.1 rn ndom s nrnp 1 C' n r 1 0 of those who cnmp 1 c• t c• d t:IH• fo rm nnd ;1s kcd t lwm I.Jhn l' 
c hnngcs in construct ill!l t'h ey wottld m:tke h.1st·d on Lit e it tfnrm;tlt()ll Liley 
rc<cived :tt Lhl' wnrk .s lwp . From tllcir .1!1SWI.~rs, r prcp:ln:d ;[ 11 cst im.1LC or 
JH' rccnL;q.',P of ('llf'r)~Y s<Jv in gs which, wh en rn1111 ipl ied hy : 111 .1ver:t gt• number nl 
illluses bui] t per. )'L':lr .1tlll ;JVer ;tgl' J\tu llli [i t\' li SC' [lL'r hllU SC , y i l' J.U S i1 )' l'ar.ly 
e nergy savings . Thi s f igur(' i s sc nlcd up rn n< cnunt for the 1 21 cs tin~<lr<.'d 
I 
builder and d eve l oper :Jttend;lnce of tlte wClrks hn f' S . Thes L' fj gurcs d n not 
include n tt c nckt•s :ll t· ll c C' l (•venth works hop wllll I.J t• r c pt- im:Jrilv IIV AC conlr,1ct<lr S . 
The r esults a re ;JS f o llows : 
An F.qual Emn loyment/Edu ca t10n Oppo rtunity Institutio n 
-- ' ) ·-
2. Avera~e e nergy savings - 1 ll 
3. Energy s avings for o n e year f•>r hui ldcrs 0 9 houses per year -
1.48 x 10 10 Btu/yr 
The total in line 3 is 14,800 million Btu. Assuming 28<; pe r therm 
for gas and 4.2<; per Kw/hr f o r electricity, thjs represents a cash savings 
o n ut i lit y bills of $64,000 p~r yea r to the owners of the homes built by 
t he builders a nd developers who a tt e nd ed our meetings. 1 [ i.t is ussumed 
that a ll those who ;Jttcncl cd the works ho ps hncl nn c qu :J] inF l uence , the 
impact would be 3.23 times greater. 
Note tha t the percentage ami total l~tu snvings are lmve r t lwn lost 
yea r. Th e totAl savings (based on t he ]. 21 multiplier) i s only lH % of 
last year ' s es timate . This is to be expected, however , as the l a w of 
diminishing returns ~auses s ma ller savings for eac h addit ional dollar 
s pent. 
I think that th e above data points to some changes in future prosrams . 
1. The home builders, as a g roup, appear we ll e ducated (at least 
tho se who attended); t heir a uxiliaries, the s ub co n tractor , 
r ealtor, s uppliers, l e nd ers , code officials , e t c ., may need 
more ed ucatio n than the builder. 
2. There have been examples of existi ng building codes and their 
e nforceme11t conflict ing with some e nergy conservin g cons truc tion 
technjque s . Some i nt e rf ace be t ween the building code o fficial s 
a nd progr a ms of t hi s t ype is needed to straighten o u t these 
probl e ms . 
3. The builde r s prefer mee t i ngs at night which co incide wi th 
the i r home builder meet in gs . 
Finally, please find at t ac hed a co py of the press release f rom t he 
Georgia Builder magazine . I believe it s ums the coo perat ive a tmosp here 
betwe e n Georgia Tech, OER , and the Home Build e r Associatio n of Georg i a . 
It ha s been my pleasure to work o n this project with Dennis Cou ghlin, 
and Bo b Gaar of your office . 
TFM/ jb 
Attac hme nt 
DI STRIBUTION OF ATTENDEES FOR THE TEN h70RKSHOP S 
~ned in 
Workshop f!Comji ] eted // Building i!Lenders 
Location Questionna ire ''Builde rs II Deve l opers lfHVAC Supplie r s f!Ut i li t v /!Realtor s or Appra isers 1/Undete r :::ine d 
Ca rrollton 32/20 8 2 1 3 7 3 1 7 
Ca lhoun 15 / 5 4 1 0 6 1 0 3 0 
At lanta - 21/ 3 1 3 0 6 5 1 0 5 
Sou t h 
Atla n ta - 26/ 9 8 2 0 2 11 0 1 ·) -
:.1o r t h 
At lanta - 87/ 4 l7 6 2 9 28 8 7 10 
Eas t 
August:J. 31/ 7 9 6 0 3 5 1 3 -1 
Savil nnah ~ 5/ lJ 5 3 2 5 10 2 4 14 
~laco n 64/ 6 8 0 11 9 8 7 0 21 
Co lum bus 50 / 1 6 2 0 12 7 15 0 s 
St . Harys/ 32/ 7 4 5 0 10 7 0 0 f, 
KingsL:md 
403/7 5 70 30 16 65 89 37 19 7 ~ 
Name 
I! I' C: I :;THAT TON HlH~1/C)lii':~;T I ONNA I HI' 
110~11< 1\ll ll .lll·: l<:.; I ·: NFI~ C:Y Wni\KSII()I'S 
December 1978 - January 1979 
Company - ---- -- -- - -----·--· TcJ cphone // _ ___ __ _ 
Mailing Address Workshop Date & City --- - - - -----
l. /\pproximau~ l v how m.:~ny house s dicl you htdld in 197R? ___ _ _  _ 
2. i-lhat was the ave rage square footage (living area) o f your home s? _ _ ____ _ 
3. i-lhich of the following energy sav ing features do you make use o f as a 
standard part of your home construction/design? (please check) 
:.ill Sealer 
So leplate Caul king 
Wiring Ho les Caulked 
Pipe Holes Caulked 
Light Colored Roof 
Continuous Ridge / Soffit Vent s 
Roof TurbinC's 
r.ahle Louvers 
Double Pane Glass 
S torm Doors 
Storm Wind ows 
foam Co re Door s 
h1a tersav in g Sho1v C' r Heads 
Low Flus h Toil e t s 
0 the r (Spe c i f y ) _ ______ __ _ 
Heat Pump 
A/C of FER 9.0 or lligher 
Night Se t 11 ac k Thermos tat 
Furnace lleat Reclaimer 
furnace Electronic Ignition 
Circulating Fireplace 
Pac k Window Shim Space 
FJuon•scent Lighting 
Pilotl es s Stove I gnitio n 
Ove rhanr For Shad e On Sout h S ide 
Ex t e r io r Firep lace Combustion Air 
------------ ----- - - - - -- -----
4. i.Jltat ins uLlli o n R v<tlues do you normallv hui.Jcl into your ho mes? 
\.Jall s Roo f Floor s 
5 . \.Jl1.qt pc r cent .1gc savings do you f o r ecas t f u r you r ho me owners as a r es ult 
o f the e ne r gy s av ing fea tures th .q t vp u htli I ; ~ in " I 
6 . Did yo u attend r1 11<? o f L.::~ s t wint e r' s HB E\.-.' work s hops? Yes t-.:o 
7 . How wou l cJ yo 11 r cc-o mmc nJ improving th ese' w(lrks h " J '~ : 
I 
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CHAPTER 1 
THE U. S. ENERGY OUTLOOK 
AND ENERGY COST IN GEORGIA 
Energy costs are rising steadily across the nation and in Georgia. 
The last two severe winters strained the fuel supply system causing plant 
shutdowns, and the coal strike caused shortages and price hikes. National 
imports of oil in 1977 and 1978 were about $50 billion per year. This 
figure is better understood on a smaller scale. It is equal to $250 for 
each person in the U. S. each year. This outflow of money helps create 
inflation, further decreasing the ability of the homeowner to pay utility 
bills and house payments. 
But there is hope. Residential housing can be built which will consume 
less than half the energy for an additional cost of less than 3%. Houses 
built now will be standing 50 years or more, saving or wasting energy for 
that lifetime. Many of the methods used to tighten up a house can only be 
done during its construction. The cost of retrofitting a house once it's built 
can be prohibitive. 
Conservation is the key. More insulation. Lower infiltration rates. 
Better glazing and doors. More efficient mechanical systems. Proper orien-
tation and shading. At little extra cost a more comfortable and efficient 
structure can be built, one the homeowner will be proud of. 
Although the supply of fuel has stabilized since the oil embargo and the 
winter of 1976-77, costs have risen. In the period from 1970 to 1977, residen-
tial electricity cos~rose an average of 11 % per year, natural gas went up 10% 
per year, and the cost of living rose at 6% per year. It is obvious that these 
two major energy sources are rising faster than the general inflation rate. 
1 
In the last year, natural gas fuel cost adjustment rose more than 4¢ 
per therm, increasing the cost 17% to nearly 26¢ per therm. Electricity 
increased from an average of 4¢ to 4.1¢ per kwh, or 2.5%. Price 
increases for electricity tend to be large, but come infrequently; no 
large rate hike occurred in the last year. The above increase reflects 
only an upward trend in fuel cost adjustment caused by peak summer air 
conditioning loads. 
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DETAILS OF NEW CONSTRUCTION TECHNIQUES 
This section covers the following items: 
1. Arkansas Plan 2" x 6" Framing System 
2. Wall Sheathing with Insulating Rigid Foams for 2" x 4" Framing 
3. Thermal Door Systems 
4. Window Design 
5. Window Heat Loss and Gain 
6. Combination Storm Doors for Retrofit 
7. Construction Details 
It contains basic information on materials and methods used in 
framing the shell of an energy conserving house. These new construction 
techniques cut conduction heat loss and gain while keeping material and 
labor costs to a minimum. 
Arkansas Plan 2" x 6" Framing System 
Responding to the need for affordable energy conserving housing, an 
air conditioning engineer, a power company employee, and, years later, a 
construction analyst created the "Arkansas Plan." This construction method 
greatly conserves energy and is finding more acceptance by home builders. 
The original test houses using this construction method were built in Little 
Rock, Arkansas. Careful analysis of utility bill s from these houses showed 
a dramatic 73.6% savings in energy use for heating and cooling. 
The Arkansas Plan produces a conventional looking house , but uses a 
diffe rent framing system that allows more use of insulation. With this 
system, walls are constructed of 2 x 6 studs on 24" centers, rather than 
2 x 4 studs on 16" cente rs. This cu t s down on f raming lumber and allows 
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use of R-19 fiberglass wall insulation. The diagram entitled "Exterior 
Corner and Wall Framing" shows details on page 10. Note the use of 1 x 6 
or plaster back-up clips at the corner to eliminate excess framing and the 
position of the vapor barrier. The diagram on "Intersection of Interior 
Wall" sho~s the same use of a 1 x 6 or metal back-up clips to eliminate 
framing and allow use of more insulation and less wood in the exterior walls. 
The "Slab Floor'' diagram shows rigid foam perimeter insulation and location 
of the wiring raceway which keeps wires out of the main wall cavity, allowing 
it to be completely filled with insulation. The "Header Detail" shows an 
open header filled with insulation and strengthened with plywood sheathing. 
Finally, the "Walls Section" shows an overall view of this framing sys-
tem, including under-floor insulation and a truss roof which allows instal-
l ation of extra insulation. 
There is less lumber used in this type of construction. Builders who 
are familiar with the system claim that less labor is involved and there 
is little if any extra cos t over standard construction. The extra cost for 
insulation is offset by lower cost for smaller heating and cooling equipment. 
More information on this construction techni que is contained in a 
bookle t from the Owens-Corning Fiberglass Corporation Co ., Report No. 1, 
"Energy Saving Homes, The Arkansas Story." 
Wall Sheathing with Insulating Rigid Foams for 2" x 4" Framing 
There are 2 basic types of wall sheathing, structural and non-structural. 
High dens i ty fiberboard, plywood, and "Thermoply" are considered structural 
sheathing. Cross-bracing is not required at the corners of the house with 
these materials if they are tes ted and approved for this use. 
Rigid Foams ("Thermax","High R", "Styrofoam", Beadboard) and low 
density fiberboard are non-structural . They offer much higher insulating 
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values, (2 to 8 times better than structural sheathing) but must be used with 
cross-braces on corners of exterior walls. 
Structural sheathing is applied with common nails or roofing nails. It 
must be cut with hand or power saws. Standard sizes are 4' x 8' or 4' x 9' 
sheets. 
Rigid foam sheathing requires roofing nails or other nails with large 
diameter heads. It can be cut or scored and broken with a razor knife. 
Standard sizes are 4' x 8', 4' x 9', and 2' x 4' sheets. Some brands have 
a tongue-and-groove edge; others have a fla t edge. 
Extra care should be t aken when installing rigid foam sheathing to 
avoid breakage. Any holes in the sheathing should be repaired before the 
siding is applied. Repairs are made by replacing the damaged section or 
t aping it back i n place. 
Rigid foam sheathing that has a foil face requires installation of 
polyethylene vapor barrier between the drywall and wall studs. This pre-
vents moisture from building up in the wall cavit y , which can lead to dry 
rot and peeling of exterior paint. "Thermax ," "High R," and "Climate Guard," 
require a 6-mil poly vapor barrier. Most other foam sheathing that has a 
foil face backed with cardboard requires a 4-mil poly vapor barrier. 
Dow "Styrofoam" and white headboard require only the Kraft paper vapor-
barrier on the fiberglass batts. 
Thermal Door Systems 
Standard pre-hung exterior doors are made of solid wood or a solid core 
with veneer f inish. A new type of door, called a "steel faced foam core door" 
or just "an insulating door" is rapidly replacing the s t andard exterior door. 
These i nsulated doors have about five times more resistance to heat flow and 
near zero infiltration (a ir leakage) rates . Special attention must be paid 
5 
when installing these doors. 
First, read the instructions. Most manufacturers tape an instruction sheet 
to the door. Each maker has slightly different installation instructions; be 
sure to read them carefully. 
All steel-faced doors must be shimmed to a proper height so that they 
will clear the finished floor surface. Standard doors made of wood can be 
planed if they are too long and scrape on the floor or bind on the rug. 
You cannot plane a steel-faced door, so allowance must be made during in-
stallation so that the door will clear any conceivable floor finish; i.e., 
plush wall-to-wall carpet, hardwood floor, etc. 
The threshold of these doors are adjustable in height to position the 
threshold snugly against the weatherstrip at the bottom of the door. One 
common adjustment system is large exposed screws that, when turned, raise 
and lower the threshold; another uses sliding wedges to change the thresh-
old height. There are other systems on the market; again, check the man-
ufacturer's instructions. 
The doors usually are pre-drilled for the entry lock. Many home buyers 
want the extra protection of a deadbolt lock. If this is the case, the 
door should be ordered pre-drilled for the entry lock and deadbolt lock to 
save mistakes and time in the field. 
Many manufacturers include two extra long screws with the installation 
instructions. If these are provided, they should be ~sed to replace screws 
in the top hinge. Their extra length allows them to penetrate the rough 
framing behind the finish door frame. This helps strengthen the door s ys-
t em and better s upports the higher weight of the insulated door. 
Window Design 
The window is both hero and villain i n ener gy conservation. Windows 
admit natural sunlight, fresh a ir, and ventilation. They also lose heat 
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during the winter and gain heat during the summer. Obviously, a compromise 
is needed. Proper window design incorporates the following rules: 
1. Minimize the amount of glass area, keeping it just above the minimum 
code requirements. 
2. Eliminate or minimize use of glass on the west side to reduce solar 
heat gain during the summer. 
3. Minimize use of glass on the north side. 
4. Maximize use of glass on the south side and use a properly designed 
overhang to shade the glass during the summer and allow the sun to enter 
during the winter. 
5. Use high quality windows with low air infiltration rates; install 
storm windows or double glazing. 
Large expanses of glass are a thing of the past, unless spec ially 
designed on a passive solar collector system on the south side of a house. 
This type of design must provide for massive construction (concrete slab 
floor, etc.) to store and release the heat and prevent overheating. A 
single pane window will lose about 20 times more heat per square foot than 
a well-insulated wall. It can be said that people who live in glass houses -
shouldn't. The cos t of heating and cooling them will become prohibitive 
in the future. 
Window Heat Loss and Gain 
A. Winter Heat Loss 
U values a re commonl y use d to express overall conduction heat los s 
for windows. A single pane window has aU value of 1.13; add a storm window, 
and the U value is 0.64, or 44 % less heat loss. Double glazing has aU value 
of 0.71, or 38% l ess heat loss than single pane , and tri ple glazing ha s a U 
value of 0.42, 63% l ess heat loss than single pane. The R value of single pane, 
double pane, single pane plus storm window, and triple glazing are 0.88, 1.41, 
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1.56, 2.38, respectively. Triple glazing is not economic in Georgia at this 
time, but may prove feasible in the future, especially on all-electric homes. 
B. Summer Heat Gain 
Solar heat gain is a large portion of the air conditioning load. It 
is worth comparing the heat gain of various window configurations, using a 
single pane, east or west facing window as the basis. 
Single pane, no shade, facing east or west 
Single pane, no shade, facing south 
Single pane, no shade, facing north 
Single pane, with white roller shades, facing west 
Single pane, with full shade, all directions 
Double pane, with full snade' all directions 
Some conclusions may be drawn from the above: 
Percent reduction in 







Unshaded east or west glass produces the highest air conditioning load; 
west glass is the worst orientation, as the solar gain through the window 
occurs at the hottest time of the day. White, opaque window shades reflect 
some sunlight, cutting the heat gain significantly. 
Exterior shading (shade screen, awnings, porches, trees) is the most 
effective way to control the solar heat gain ·that causes high air conditioning 
loads. Placing the garage or carport on the west side of the house and 
eliminating the glass on this side is an effective way to prevent the prob· -
lem before the hous e is built . 
Combination Storm Doors for Retrofit 
Storm doors are not a good choice for new construction. The metal-
clad foam core door costs the same as a standard door plus storm door and 
the metal-clad door is superior in insulating capabi lity . They are useful 
for retrofit of existing houses. Most better models offer a screen for 
summer use, with a vertically sliding glass window. Less costly types 
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require removal of the glass and replacement with the screened insert. 
Payback periods and installation are the same as with storm windows. 
Construction Details 
The following page is W.D. Farmer's guide to energy conserving con-
struction. It covers many of the details listed above and proper instal-
lation of new ins ulation systems. 
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ENERGY CONSERVATION THRU INSULATION 
TWO WAYS TO UPGRADE INSULATION ( CHECK ONE E() 
2"x 6" FRAMING SYSTEM ) D CONVENTIONAL FRAMING D 
2"•6" STUDS- 24"0.C. 
1/2" THICK _u:;;;;;-r- -- -1 
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24"o.c . INTERSECTION OF 
INTERIOR WALL 
HEADER DETAIL 
{ MAXIMUM SPAN - 4' - 0 "} 
SLAB FLOOR 
2'' •6 '' STUDS- 24"0.C. 





WITH FOIL FACED FOAW SHEATHING, 
USE 6 MIL. POLYETHYLENE VAPOR 
BARRIER INSIDE 
3/ 4" OR I" THICK 
POLYSTYRENE FOAM 
SHEATHING -----"'- -"~--it- --' 
EXTERIOR CORNER 8 WALL FRAMING 
CAULK OR USE 
FIBERGLAS SILL 
SEALER - -
8"BLOCK W/ STUCCO 





_ _ .L:_ _ _v 
RAISED RAFTER 
DETAIL 
'NEW ( R-VALUE) 
INSULATION STANDARDS 
'RECOMWENDED BY OWENS- CORN ING 
REGION CEILI NG WALLS FLOOR 
ZONE •r 38 19 22 
ZONE "2 33 19 22 
ZONE ' 3 30 19 19 
ZONE • 4 26 19 13 
ZONE "5 26 13 II 
ZONE •s 19 II II 
NOTE : THESE METHODS APPLY TO BRICK VENEER AND/OR FRAME CONSTRUCTION 
IN ENERGY EFFICIENT HOUSING, SPECIAL EMPHASIS SHOULD BE PLACED ON 
MINIMUM INFILTRATION AROUND WINDOWS, DOORS, ELECTRICAL BOXES, PIPES, 
AND CANTILEVERED AREAS. GLASS AREAS SHOULD BE LIMITED AND DOUBLE 
GLAZING OR STORM SASH ARE OF GREAT VALUE. ADEQUATE ATTIC VENTILATION 
SHOULD BE PROVIDED . 
THE DEGREE OF ENERGY EFFICIENCY IS DEPENDENT ON BOTH QUALITY OF 
WORKMANSHIP AND QUANTITY OF INSULATION 
_M .. ,. ,_,s- · - c:-.-o--
• .. -~z:.-~- :;:-:~ 
K•U NOT TO S C.at..E • • c t <w0 1 .. 1 
0 ,.... 
ENERGY CONSERVATION THRU INSULATION 
SILL 
STUFF CR j 
Of' WINDOWS ~ 
NOTE ' THE LOWER THE U, THE HIGHER THE INSULATING VALUE 
EXT. DOORS WITH 
INSULATION OR USE 
' MONOFOAM" POLYMERIC 
FOAM SEALANT 








CAULK SILL PLATE AND AROUND 
OPENINGS FOR PIPE AND ELEC. WIRE 
< 
~NOTE • APPLY "MONO==RRIER 
ELECTRICAL BOXES AFTER FINISH 
ELECTRICAL BOX PLUMBING PIPES 
IS APPLIED 
LIMIT INFILTRATION AROUND DOORS, 
NOTE• 
ATTIC VENTILATION REQUIREMENTS 
DESIGNED FOR COOLING SEASON. THIS 
WILL BE ADEQUATE TO PREVENT 
CONDENSATION DURING HEATING 
SEASON . 1.~ T02.0 CFM PER SQ.Fl: 





THERMAL DOOR SYSTEMS 
WINDOWS, ELEC. BOXES, a PIPES. 1----------------------1 
SPECIFICATIONS FOR ENERGY EFFICIENT HOUSING :(APPLIES TO BRICK VENEER AND/OR FRAME! 
FOUNDATION • 
I. WITH UNEXCAVATED AREAS, USE R·<>INSULATION BETWEEN FLOOR JOIST AND 4 MILL POLYETHYLENE VAPOR BARRIER ON GRADE . 
2 WITH SLAB FLOOR FOUNDATION OR BASEMENT SL AB ABOVE GRADE, USE 1 ~/2" RIGID URETHANE PERIMETER INSULATION . 
3. APPLY FIBERGLAS SILL SEALER OR BEAD OF CAULK. 
FRAMING • 
I USE 4 MILL POLYETHYLENE VAPOR BARRIER,ON WARM SIDE OF WALLS, AND FULL THICK BATT INSULATION BETWEEN 2"x4' EXTERIOR STUD WALLS 
OR KRAFT FACED INSULATION BETWEEN STU)S . USE I" THICK POLYSTYRENE FOAM SHEATHING . 
2. CHINK AND CAULK AROUND ALL WINDOWS, EXTERIOR DOORS, PIPES, F.LECTRICAL OUTLETS, AND CANTILEVERED OVERHANGS . COVER THESE AREAS 
WITH VAPOR BARRIER. 
3. RESTRICT GLASS AREA ON NORTH AND WEST SIDES OF HOUSE AS MUCH AS POSSIBLE . WINDOWS TO BE INSULATING GLASS AND/OR STORM SASH. 
4. USE METAL CLAD, FOAM CORE EXTERIOR DOORS WITH MAGNETIC WEATHERSTRIPPING. 
5 . FOR AMOUNT OF RECOMMENDED INSULATION, SEE CHART, PAGE I OF I, THIS SHEET. 
6 . USE CONTINUOUS RIDGE AND SOFFIT VENTS AND/OR THERMOSTATICALLY CONTROLLED POWER VENTILATOR FOR ATTIC VENTILATION. 
NOTE• SOME OF THE SPECIFICATIONS ON T HIS SHEET MAY SHOW GREATER REQUIREMENTS THAN T HE CONSTRUCTION PRINTS. 
IN THAT CASE, THE INFORMATION ON T HI S SHEET SHOULD TAKE PRECEDENCE 
NOTE IF THESE RECOMMENDATIONS ARE FOLLOWED, IT WILL RESULT IN A 
40 to 4e% REDUCTION IN HEAT LOSS AND HEAT GAIN. 
I" THICK POLYSTYRENE 
FOAM SHEATHING 
FOR MASONRY BASEMENT WALLS ABOVE 
GRADE, USE I" TH ICK BAT TS OR 
POLYSTYRENE INSULATION BETWEEN 
l ' x2" FURRING STRIPS. COVER WITH 
VAPOR BARRIER AND PLYWOOD OR 
DRYWALL . 
BASEMENT a FIRST FLOOR 
CHAPTER 3 
HEATING AND VENTILATING SYSTEMS 
This chapter covers what the builder and heating contractor should 
know about energy conservation in heating and cooling systems. We do 
not cover actua l calculation of heat loss and gain; our approach is to 
explain the correct way to size and select the equipment. The fol l owing 
subjec ts are contained in this chapter: 
1. Heating and Cooling Load Estimation 
2. Selecting HVAC Equipment 
3. Types of Equipment 
4. Sizing lleat Pumps 
5. Sizing Air Conditioners 
6. Sizing Heating Equipment 
7. Zone Control, Separate Systems 
8. Sizing Ductwork 
9 . Duct Design/ I nsta llation 
10. Cont r ols 
11. Venti l a t i on 
12 . Combustion Air 
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Heating and Cooling Load Estimation 
Probably the most important task to assure high energy efficiency 
with heating and air conditioning installations is an accurate calcu-
lation of the structure's heating and cooling loads. In the past, most 
installers sized heating and air conditioning equipment by rough block load 
estimates (for example, 600 square ft/ton). With the current trend 
toward well-insulated homes and homes constructed with careful attention 
toward reducing air leakage, rough estimates must be avoided. Inaccurate 
estimates of heating and cooling loads almost always lead to the selec-
tion of oversized heating and air conditioning equipment. Oversized 
equipment is one of the major factors in energy inefficiency . 
Even when going through the calculation of the heating and cooling 
loads, careful attention should be given to exercising maximum accuracy. 
Using rough estimates for such things as infiltration and ventilation 
rates, structural areas, etc., will always lead to a n inaccurate heating 
and cooling load calculation. Quality installation necessitates obtaining 
accurate information as to structural characteristics and insulation thick-
nesses and then proceeding with an accurate calculation. 
A. Calculation Methods 
Within the industry, there are two accept ed reference methods 
used in calculating heating and cooling loads. These are : 
1. American Soc ie ty of Heating, Refrigeration and Air Conditioning 
Engineers (ASHRAE). 
2. National Environmental Systems Contractors Association -
Manual J. 
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In the past, the ASHRAE guide has been primarily utilized in the 
calculation of heating and cooling loads for larger systems - commercial, 
institutional, and industrial applications. For residential applications, 
the Manual J has been the most used. Due to the more energy efficient 
building techniques that are currently being used, both of these methods 
should be utilized as needed. Also, because it is difficult for these 
reference methods to stay current with the latest energy conservation 
building techniques, these methods should be modified where a more energy 
conserving building technique is being employed. Manual J recently added 
an "Addenda to Table 2, Manual J, 4th Edition" that covers many new in-
sulation systems. 
In calculating the cooling load, very accurate data should be used 
for such things as the solar load and the internal heat load. With the 
well-insulated home, these loads amount to a large percentage of the 
total load. Therefore, a rough est i mate of the number of people, 
cooking appliances, square fee t of wi ndow area for solar load, etc., 
can make a very big difference in the total calculation. 
Another area to give careful attention to in the calculation is 
the heat loss or heat gain f rom the ducts. It has been common pract ice 
to estimate the duct loss at 10% of the total building load. With the 
more energy efficient homes, better duct installations are used that 
will res ult in less heat loss or gain. 
Selecting HVAC Equipment 
For maximum efficiency, the heating and cooling equipment must be 
selected to match as near ly as possible the heating and cooling load 
calculat i on . Do not mistrust your calcula tion and install oversized 
equipment. Do not allow others to convince you to install oversized 
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equipment. Oversized equipment can only result in a waste of energy, 
too much capital cost for the equipment. 
There is a general opinion from the contractors who are accustomed 
to installing equipment in houses with normal insulation that the small 
units will not be satisfactory in energy conserving houses because of such 
a small volume of air distributed within the structure. Standards adhered 
to in the past have dictated or suggested a certain air movement for 
comfort within a building. When calculacions for the better insulated homes 
indicate a unit one-half the size as is more commonly installed, they raise 
questions about the possible discomfort and stuffiness with such little amount 
of air distribution. For this reason, heating contractors have calculated a 
one-and one-half ton cooling load only to mistrust their calculation and put 
in a 3 ton air conditioner because of the CFM concern. This should be avoided. 
Experience with well-insulated homes where small tonnage has been installed 
shows that comfort conditions are maintained with the smaller CFM's. Remember 
that air movement and concepts like "CFM per square foot" were created for 
warm air systems. Older systems that heated houses with steam or hydronic 
radiators had no CFM passing from room to room. Air circulated at much 
lower velocities in each room by natural convection. Only enough CFM is 
needed to properly unload the installed tonnage of the air conditioning 
system, and to maintain a proper temperature rise from return to supply 
air for the heating system. Ducts and registers must be downsized to 
maintain proper velocities into the room for good air distribution. 
Types of Equipment 
There have been many discussions as to which types of heating and 
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air conditioning equipment are more efficient. At present utility rates, 
natural gas heating with electric air conditioning is the lowest cost. 
Where natural gas is not available, the utility costs for heat pump sys-
terns are very competitive with propane gas or oil heating and electric 
air conditioning. Gas absorption air conditioning with natural gas is 
competitive with other systems as to fuel cost, but capital investment 
is so much higher compared to the other systems that it is seldom 
used. When considering electric units, the heat pump is recommended 
because of its higher efficiency as compared to resistance heating. 
Sizing Heat Pumps 
Heat pumps should be sized for the cooling capacity. Efforts 
should b e ma de to sele ct equipment with cooling capacity as nearly 
equal as possible to the cdoling load calculation. A slight oversize 
maybe 10%, may be necessary to match particular models of equipment. 
Equipme nt that is slightly undersized will operate more efficiently 
and will provide satisfactory performance if the heat gain calculat ion 
has been made with acc uracy. Do not undersize by more than 10% however. 
It is recommended that auxiliary resistance heater capacity be 
installed to meet 100% of the heat loss of the structure. These heaters 
should be wire d in incremental stages - approximately 5 KW per stage is 
the norma l practice. Careful at t ent i o n should be given to con t r olling 
the heaters so they are only energized at the lowest possible outdoor 
temp e r ature . Rememb er that a heat pump with only t h e compressor sup-
plyin g the heat is a v ery efficient unit , ope r at ing a t a coeffic i ent 
0 
of performa nce of near 2.5 or above a round 40 F outdoor t empera ture. 
Resis t ance hea t ers on the oth er h a nd ha v e an efficiency ( COP ) of 1. 
Therefore, whe n the resista n ce heaters are allowed to be energized at 
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temperatures where the heat pump cannot handle the heat load or in too 
ma ny stages, the overall coefficient of performance of the heat pump drops 
causing the unit to be less efficient. 
A performance curve should be superimposed on the heat loss curve 
of the structure. This type of diagram is shown on the following page . 
This will show at what temperatures resistance heating is needed to supply 
booster heat to handle the heating lvad. Let's assume that the compressor 
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can handle the structure heat load down to 40 F outdoor temperature. The 
first s tage of the res is tance heaters s hould be controlled to operate a t 
this 40° F outdoor temperature. This is usually accomplished by using 
a n indoor thermostat with two steps of hea ting. The number one step con-
trols the heat pump compressor. The second step c ontrols the firs t stage 
of auxiliary resistance heating. It is recommended that this first stage 
also be controlled through an outdoor thermostat se t at this 40° setting. 
The other resistance heater stages are controlled through outdoor thermo-
stats at appropria te settings along with the s econd stage of the indoor 
heating thermostat. 
A swi tch should be insta lled on or nea r the indoor thermos ta t to 
by pass the outdoor thermostats . This allows r esistance heaters to b e 
utilized for heating the structure if the compressor is inoperative. 
It will also allow quic k heat recove ry within the s tructure when desired. 
Sizing Air Conditioners 
Again, air conditione r s s hould be s ize d so that the capacity is 
sufficient for the heat gain calcula tion or c ooling l oad . Oversizing 
o f air conditioning should b e avoid ed . Ove rsizing a n air cond itioning 
s ys t em can l ead to call-backs . Short cycling due to over-capaci ty will 
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cycle times are needed for dehumidification to take place, and the 
evaporator coil may become blocked with ice under severe conditions. 
Finally, oversized units will cause high utility bills by less efficient 
operation. 
High EER split systems are available and should be used. An EER 
of 9.0 or above is generally considered to be an energy conserving air 
conditioner. Some manufacturershave EER ratings of 10 or more . 
Sizing Heating Equipment 
As with the air conditioning sizin g , heating equipment should be 
sized to meet the heating load calculation. Oversizing again should be 
avoided. Many zones can be utilized with electric resistance baseboard 
hea ting. 
All furnace systems and hot water heaters which burn gas or oil 
must be adjusted to the correct air/fuel ratio. This is done with a 
co2 test kit. Improper adjus tment will cause soot deposits o r excess 
air consumption; both will l ower the efficiency of the sys t em. 
Zone Control, Separate Systems 
In two-story homes and split level homes, it is very difficult to 
obtain good air distribution in both summer and winter for even- 2omfort 
temperature conditions. Separate units are recommended for the up s tairs 
and downs tairs. This will provide zone temperature control and result 
in good efficie ncy. Separate zones ma y also be justified where different 
activit i es within these zones will resul t in air conditioning loads at 
different times of the day or where different temperature settings may 
be desirable . Zone control in these situations will res ult in good 
efficiency ; higher settin gs can be maintained in some areas of little 
activity,and more comfortable temperature settings can be maintained in 
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other areas. An example is a zone for the living and dining area and a 
second zone for the sleeping areas. Separate systems can usually be jus-
tified in houses exceeding 2,000 square feet for reasons of economy and con-
trol. 
Sizing Ductwork 
The branch runs should be sized for the heating loads. The thinking 
for this is that people are more sensitive to the heating comfort than they 
are to comfort during the cooling season. 
Volume dampers should be used in all branch runs. A volume control 
damper should be used in any main duct that has a splitter (for example, 
a main duct separating for the upstairs versus the downstairs area) . All 
too frequently installers rely on registers for controlling the volume 
in balancing the system. This will result in air noise and improper 
balancing on the system. The volume dampers are very inexpensive and 
will result in a good quality installation. 
Duct Design/Installation 
The duct design and installation are very important as to the effi-
ciency of a heating and air conditioning system. Major areas of energy 
waste include: 
1. Improper insulation. 
2. Unbalanced system that r esults in overheating or overcooling 
certain areas to maintain comfort conditions in others. 
3. Inadequate provisions for balancing the system due to changing 
conditions or changing living habi ts. 
4. Leaking ducts and ducts tha t are too small resulting in in-
adequate air dis tribution a nd inefficiency of the system. 
Careful attention should be given to sealing all duct work and 
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eliminating any leaks. This is extremely important where there is extensive 
duct run in unheated areas. 
Where ducts are run in unheated areas, both the supply and return ducts 
should be insulated with two inches of glass fiber insulation. The insulation 
should have a vapor barrier to the outside (for example, foil-back insulation). 
The joints and seams should be carefully taped to assure a continuous vapor 
barrier. Improperly insulated duct and an improper vapor barrier will re-
sult in condensation soaking the insulation sharply decreasing its insulating 
v alue. 
Controls . 
Controls usually consist of indoor thermostat, outdoor thermostat, 
time switches, and other related components. 
The indoor thermostat should be located near the center of the zone 
to sense the most representative air temperature in that zone. Careful 
at tention should be given to locating this item away from direct sunlight, 
h e at-producing appliances , behind doors, e t c. This control should be 
located near a main return. 
Setback thermos t a t s are gaining in popularity and are a very effective 
way of reducing e nergy costs . Experience has shown that these units will 
pay for themselves in a short time - usually les s than two years . This 
type control utilizes a time switc h with day and night thermostat 
settings. At a pre set time at night, the thermostat automatically switches 
to the n ight s e tting . Durin g the heatin g season , f or example, the day 
se tting may be 70°. At bedtime, the thermostat automatically sets back 
0 
to a night setting of 62 F, and resets to the day setting around 6:00 a . m. 
t h e next morning . This technique will yie ld a s ubs tantial energy savings 
over the year . 
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Ventilation 
With the more energy efficient homes that have better insulation and 
are constructed to reduce air infiltration to a minimum, some attention 
should be given to ventilation of the home. The normal ventilation equip-
ment within the home consists of bathroom ventilating fans, range hood 
ventilating fans, air exhausted for combustion air for furnace, dryer, or 
other combustion appliances, etc. This air is normally made up by in-
filtration. However, with the tighter construction, this could cause a 
problem when exhausting air from the home. One arrangement that might 
be considered is a fresh air supply duct for the home with a relief damper 
operated by a pressure differential device. This device would automatically 
supply make-up air to the home when pressure differentials indicate the 
need for this air. It would cause ventilation fans to operate properly, 
but would not induce excessive outside air causing an energy waste. The 
old method of running an outside air inlet duct into the return system 
without automatic control of a damper should not be used. 
Combustion Air 
- ---~---
Ducting combustion air from outside the house to a furnace room in 
the conditioned space is important. The tighter a house is built, the 
more difficult it is for a gas, propane,or oil furnace or hot water heater 
to obtain enough air to burn the fuel. An interior furnace room should 
have an unvented door with an outside air inlet. It would be better to 
locate the furnace in the crawlspace or cold storage area rather than 
the conditioned space to avoid this problem. 
In severe cases, the operation of kitchen, bath, and clothes dryer 
fans can pull stack gases back into the house if the furnace room does 
not have an outside air duct. 
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For safety and energy conservation, the furnace room should have an 
unvented door, and two air inlets should be installed - one near the ceiling 
and the other near the floor. Both air inlets may be run from an attic -
one may be in the ceiling, the other a vertical duct run terminating with 
a grill near the floor. The size of the openings needed varies with the 
furnace input rating, whether it's equipped with a draft hood, and where 
the combustion air is taken in. Check with your local code official for 
the proper size. NFPA (National Fire Protection Association) Booklet No. 
54, pages 23-26, contains diagrams of typical installations. The air inlets 
must be separated by at least 3-1/2 feet, measured vertically, with the 
top inlet above the draft board. 
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CHAPTER 4 
STANDARD CONSTRUCTION VS. ENERGY 
CONSERVING CONSTRUCTION FOR 3 HOUSE PLANS 
Three house plans were selected for thermal and economic analysis. 
The plans were donated by W.D. Farmer, a residential designer in Atlanta. 
The house size covers the normal range, 1,200 to 2,200 square feet. Each 
house has a different heating and air conditioning system. Heating and 
cooling loads and annual costs are calculated for the three plans using 
standard and energy conserving construction. The extra cost for the energy 
conserving features is used in the economic analysis. 
The house plans are shown on the following page. The 1200 plan 
(1200 square feet) is a one story slab-on-grade design. The 1600 plan is 
one story with a crawl space. The 2200 plan is two stories with a full 
basement. The heating and air conditioning systems are as follows: 
1200: Electric furnace, mechanical air conditioning 
1600: Gas furnace, mechanical air conditioning 
2200: Heat pump, two systems (zoned) 
The standard plan has insulation and equipment found in the majority 
of present construction. Most of the items meet or exceed minimum property 
standards. 
The energy conserving plan uses added insulation, better infiltration 
barriers, and glazing to cut heating and cooling loads. The package was 
assembled with readily available components at a modest extra cost with 
short payback periods. 
The economic analysis, material cost, utility cost, and thermal design 
are indicative of construction in the Atlanta area. The annual cost for 
heat ing and cooling can be approximated for other cities by use of the data 
found in the appendix. 
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In the energy conserving version, the ceiling insulation is raised 
to R-26. The calculations are based on blown fiberglass. The walls have 
R-13 batts plus 3/4" styrofoam (R-4 wall sheathing) rather than fiberboard 
sheathing. This was chosen because sheathing thicker than 3/4'' requires 
extension of door and window trim . Storm windows are added to all standard 
window units. Foam core insulated doors replace standard exterior doors, 
including french doors. Both plans use 2" duct insulation in attic and 
basement areas. High efficiency air conditioners (EER 9.0) are used, and 
a split system heat pump on the 2200 plan. There is little variation in 
heat pump efficiency for a given manufacturer at present, so no allowance 
is made for this. Other items in the energy package are a set back type 
thermostat, light-colored roof, ridge and soffit vents, extra caulking 
(using wet foam applied by a subcontractor) and tight construction. 
The following tables compare the hea ting and cooling loads and 








DESIGN HEATING AND COOLING LOAD 
BTUH, Design Load* 
HEATING COOLING 
STD. EN. CONS. STD. 
32,200 15,900 11, 200 
48,400 21,300 18,300 






*Design load does not i ncl ude duct loss, latent heat load and equipment 
efficiency. 
27 
INSTALLED EQUIPMENT SIZE 
HOUSE PLAN HEATING COOLING 
STD. EN. CONS. STD. EN. CONS. 
1200 16KW llKW 1-1/2 Ton 1 Ton 
1600 BOM BTUH 40M BTUH 3 Ton 1-1/2 Ton 
2200 3-1/2 Ton 2-1/2 Ton 3-1/2 Ton 2-1/2 Ton 
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The savings are dramatic, the heating load cut in haif, cooling load 
by one third. Equipment size drops correspondingly, using the nearest 
equipment size which will handle the load. On the 2200 plan, only a 2 ton 
system is needed for the total load, but the first floor has a higher load 
and requires a 1-1/2 ton heat pump. 
NOTE: Equipment sizing is important! The following is a quote from 
Ralph J. Johnson, President of the NAHB Research Foundation: 
"DO NOT LET AN OVERLY CONSERVATIVE MANUFACTURER, HVAC CONTRACTOR, 
ARCHITECT OR ENGINEER CONVINCE YOU TO USE OVERSIZED HEATING OR COOLING 
EQUIPMENT. THIS IS THE CARDINAL ENERGY SIN". 
"An oversized heating or cooling unit costs more to purchase, costs 
more to operate, wastes more energy and produces less comfort". 
Heating equipment is available in smaller sizes. Several manufacturers 
offer one-ton heat pumps, others have 40,000 BTUH input furnaces that can 
handle several tons of air conditioning. 
Finally, we have estimates of annual heating and cooling costs for 
the standard and energy conserving plans. 
ANNUAL HEATING AND COOLING COST AND CONSUMPTION 
HOUSE PLAN HEATING COOLING 
STD. EN. CONS. STD. EN. CONS. 
1200 $420 $130 $145 $ 70 
12,000 Kwh 3,710 Kwh 3,080 Kwh 1,440 
1600 $260 $ 90 $290 $110 
1,000 Therms Jlo~O Therms 6,160 Kwh 2,330 
2200 $250 $125 $300 $205 
7,110 Kwh 3,570 Kwh 6,380 Kwh 4, 330 
We see some s urprising savings . Annua l heating and cooling cost for 
the 1200 plan drops from $565 to $200 down 65%, the 1600 plan drops from 
$550 to $200 down 64%, and the 2200 plan goes from $550 annual cost to 
$330 down 4 0%. 
Are these savings poss i ble? Yes, houses built under t he Arkansas 
Plan with roughly similar thermal characteristics showed 73.6% savings 





possible only when houses are built to the specification used in the energy 
conserving plan. 
reduce heat loss. 
Insulation that is missing or improperly installed can't 
Sole plate caulking can't cut infiltration if it's missing. 
Attention to detail is the mainstay of tight construction. 
Now that we have seen the savings, what about the extra cost? 
Total extra cost (to the ho:me builder) is listed below. An item by 





EXTRA COST FOR ENERGY CONSERVING CONSTRUCTION 
Total Dollars 
$ 1,004 
$ 1, 388 
$ 1,299 




Total cost includes ceiling, wall and floor insulation, storm windows, 
insulated doors, higher efficiency air conditioners, set back thermostat, 
ridge and soffit vents, sill sealer, and caulking for piping and wiring holes. 
The reduction in operating costs takes these items into account. 
The reduction in heating and cooling loads brings with it a need for 
smaller heating and cooling equipment. The following table shows the com-
parative installed HVAC equipment cost. 
HVAC EQUIPMENT COST 
House Plan Standard En. Cons. Plan Savings 
1200 $1,650 $1,450 $200 
1600 $2,200 $1,720 $480 
220 $3,960 $3,360 $600 
The savings on installed equipment cost for the 1200, 1600 and 2200 
plans are 12%, 22%, end 15%, respectively. These reductions are primarily 
from reduced tonnage on the air conditioner and heat pump. Smaller savings 
are from reduced duct and flue size and associated insulat ion cost. It 
is obvious that cutting a load in half cannot cut the installed cost in 
half. 
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The extra cost of installing a higher efficiency air conditioner 
(EER 9.0 instead of 7.0) and the set back type thermostat is included 
in the previous table entitled "Extra Cost for Energy Conserving Con-
struction". These additions would bring the HVAC cost closer to that of 
standard construction. Equipment savings are realized only when the HVAC 
contractor properly sizes the equipment. Using the same rule of thumb 
just won't do. Installing the 'normal' air conditioner tonnage in a 
house with a glass wall on the west side will find the system short on 
capacity. In the same way, installing the 'normal' tonnage on a house 
without windows on the west side, with tight construction, etc. will 
find the unit oversized. The same is true of heating systems. A new 
'rule of thumb' will generate itself with experience on energy conserving 
homes. 
A final table shows the cost of the energy conserving features and 
the HVAC equipment savings. Two figures are included for dollars per 
square foot. The first is the cost to the builder. The second includes 
overhead and profit, and is the cost to the home buyer. 
The extra cost per square foot of house is less than 3% of the selling 
price of the house. The payback period of the energy package i s 3-4 years. 













1 600 $1338 
2200 $1299 
SUMMARY TABLE, COST DI.FFERENCE OF STANDARD 
AND ENERGY CONSERVING HOUSE PLANS 
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ECONOMIC ANALYSIS OF INSULATION, 
BUILDING SYSTEMS AND EQUIPMENT 
This chapter quantifies the cost factors involved in energy con-
serving construction and the payback periods frem their use. We are 
in the age of energy conservation - it is cheaper to pay for an energy 
saving house through mortgage payments than to pay rising utility costs. 
Four areas are covered; 
1. Economics of Insulation and Building Systems 
2. Energy Conserving Equipment 
3. Wood Stoves and Fireplaces 
4. Solar Hot Water Heaters 
Economics of Insulation and Building Systems 
The payback periods shown are found by dividing the extra installed 
cost of an item by the first year savings. This does not take into account 
rising fuel cos t, inflation, interest rates, etc. However, it is the most 
foolproof and uncomplicated way of judging the relative merits of energy 
conserving items. 
Due to rising fuel costs, the payback periods will undoubtedly be 
shorter. In addition, the lower first cost of the smaller heating and air 
conditioning system will also produce a faster payback. 
All calculations are based on standard construction at prevailing 
energy costs fo r Atlanta. The t able on the next page lists the more 
ener gy conserving option followed by a s lash and the item it is compared 
to. Values listed are from the Georgia Power Company and Atlanta Gaslight 
Comp any . Figures not avail able from these sources were calculated using 
"Manua l J" and publ ished test data . 
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Comparison of Insulation and Building Systems 
PAYBACK PERIOD IN YEARS 
Item Gas & A/C All Electric Heat Pump 
Ceilings 
R-30/R-11 Batt 7 3 6 
R-26/R-19 Blown 7 4 6 
Cathedral Ceiling 
R-13 + 1" Foam, vented/ 
R-19, Full Thickness, unvented 45 45 45 
R-19, 2 X 8, vented/ 
R-19, 2 X 6, unvented 16 16 16 
(See note on cathedral ceilings) 
Walls 
R-13 + 3/4" Foam/R-11 4 2 3 
R-13/R-11 2 1 2 
(See riote on walls) 
Floors 
Over basement 
R-11/R-0 6 3 4 
Over crawl space 
R-11/R-0 2 1 2 
Windows 
Storm/No Storm 12 5 9 
Doors 
Insulated/Wood 2 1 2 
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Note on Cathedral Ceilings: 
The payback period of 45 and 16 years for two of the ceiling systems 
listed are the same for all three heating and cooling systems. The R factor 
is essentially the same, yielding the same heating bill. Only the air con-
ditioning load changes due to extra ventilation. 
The first option with a 45-year payback is for R-19, 6" fiberglass 
sandwiched between roof deck and drywall ceiling on 2 x 6 rafters with 
no ventilation. The energy conserving option uses 2 x 6 rafters with 3-1/2", 
R-13 fiberglass, plus 1" rigid foam under the drywall and ridge and soffit 
vents. 
The second option is R-19 fiberglass sandwiched between roof deck and 
ceiling on 2 x 6 rafters. The energy conserving option is R-19 fiberglass 
with 2 x 8 raftersand ventilated air space over the fiberglass with ridge 
and soffit vents. 
If the ceiling has room for more than 6" batts (while maintaining the 
ventilation space) the additional fiberglass would be the most economical 
improvement. The air space is desirable and may be necessary to pass code. 
The scissors truss is an expensive but good solution in some cases. 
It is painfully obvious from the long payback period tha t cathedral 
ceilings are a difficult problem. Substitution of rigid foam is a high 
cost solution. Perhaps the best solution is to limit them to smaller rooms 
or eliminate them altogether. 
Notes on walls: 
The savings shown for the R-13 + 3/4" rigid foam construction contains 
a factor for reduced infiltration. The calculation assumes the foam sheathing 
reduces infiltration by 0. 2 air changes per hour, yielding twice the s avings 
norma lly attributed to the additional R factor. 
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Energy Conserving Equipment 
I t em 
Water Saving Shower Head 
Water Saving Aerators 
Low Flush Toilet 
Pilotless Ignition on Furnace 
Pilotless Ignition on Range 
Water Pipe Insulation, First 
Foot of Hot & Cold Water Pipe 
Set Back Type Thermostat 
Humidifier 
Power Roof Vent 
Ridge and Soffit Vents 
































Water Saving Shower Head: Cuts flow rate to 3 gpm ; 50% reduction in water 
needs for showering . 
Water Saving Aerators: Cuts water flow on sinks to 2 gpm. 
Low Flush Toilet: Cuts wate r use per flush from 5 to 7 gallons to 3 to 
3-1/2 gallons. Cuts water bill by 15% . 
Wa ter Pipe Insulation : Insulating the fir st 1 and 2 feet of the hot and 
cold wate r lines a nd vent line from the hot water hea ter can cut these 
standby losses by 50%. 
Pilotless Ignit ion on Range: Reduction in a gas bill, $7/month. This 
item is usually available only on top-of-the-line models. 
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Set-back Type Thermostat: Reduction in heating bills with 5° night set-
back, 11%. Not advisable for heat pump operation. 
Humidifiers: Humidifiers can raise comfort levels in a house. However, 
they do little to save energy, and may even cause higher heating bills. 
While a 1° tO 2° decreased thermostat setting is possible because of higher 
humidity, yielding fuel savings, 1,000 btu's are needed to evaporate each 
pound of water added to the house. It costs 20¢ to 80¢ per day to supply 
this needed heat if a 13 gpd humidifier is running at full capacity. 
In a tightly constructed house with low infiltration rates, the water 
vapor supplied by cooking, washing, and breathing should be enough to keep 
humidity at a comfortable level without a humidifier. 
Attic Power Roof Vent: Extra cost over roof louvers, $75. Payback period 
with R-19 or better insulation, fan power consumption may meet or exceed 
air conditioning savings, fan may never pay f or itself . Red uct ion in 
ceiling air conditioning load, 25%. Seasonal power consumption, $12. 
Attic Ventilation Note: While attic ventilation in excess of minimum 
property standards will cut the air conditioning load, the effect is small 
with large amounts of attic insulation. The continuous ridge and soffit 
vent is preferred to the power roof vent because of no maintenance, noise, 
or power consumption. 
Ridge and Soffit Vent§_:._ Reduction in ceiling air conditioning load, 25%. 
Heat Reclaimer for Air Conditioner: These units are composed of a hea t 
exchanger and water pump. They extract heat from the air conditioner and 
reject it t o a pre-heating storage t ank for domestic hot water use. They 
provide hot water and offer a 5 to 10% reduced cost for air conditioning. 
Problems have been experienced with heat exchanger fouling where drinking 
water has a high mineral content. Best used where more than 6 months 
of air conditioning is needed or on all electric houses. Approximate pay-
back: 5 years all electric, 14 years with gas/electric. 
Fluorescent lights: These produce about 4 times the light per watt of an 
incandescent bulb. Lower air conditioning costs, and less frequent and 
therefore lower replacement costs. Best used in bath and kitchen. 
Wood Stoves a nd Fireplaces 
Wood is a renewable fue l which i s avai lable today. The fireplace is 
a familiar extra in many homes being built presently. In the future, more 
people may choose a wood stove. Why? It's a matter of efficiency. While 
a fi r eplace is esthetically pleasing, it is very inefficient. Many 
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homeowners want to reduce their fuel bills by burning wood, but find little 
savings possible by using a fireplace. Wood stoves produce much more heat 
for a given amount of wood. Several companies offer stoves which can be 
left open to allow viewing of the fire, giving a fireplace effect, or closed 
for maximum heat output. Below is a list of approximate efficiencies of 




Airtight Wood Stove 







These figures on efficiency show how superior a wood stove is to a 
fireplace. An airtight wood stove requires only 1/6 as much wood as a 
fireplace to do the same heating job. A circulating fireplace which has 
a steel liner and circulates warm air to the room is one improvement over 
the standard masonry type. The addition of glass doors and use of exterior 
combustion air also improve fireplace efficiency. All fireplaces should 
have a tight fitting damper to control the fire and prevent air infiltration 
when not in use. Fireplaces and woostoves equipped with electric fans are 
not recommended. When heat is needed most (when electric power is out) 
they cannot operate and frequently burn out from the resulting high tern-
peratures. 
Wood stoves have greater efficiency, but they offer other features 
as well. A radiant stove can warm you up quickly when you come in from 
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the cold. You can change the amount of heat you receive by varying the 
distance between yourself and a radiant stove. A convective wood stove 
has a decorative sheetmetal cabinet. This offers more safety, especially 
for small children, as the metal cabinet is much cooler than the firebox 
wall. Convective heaters pull cold air from the floor; the air is warmed 
by the stove and rises out the top of the cabinet. 
Some airtight stoves have a built~in mechanical thermostat that 
senses the room temperature and controls the intake air accordingly. 
Others have an inlet damper that can accurately adjust the intake air 
to control the fire. 
Central wood burning furnaces are available to heat an entire house. 
Many of them can be purchased with oil or gas burners to take over when 
the wood is used up. Smaller models can be spliced into an existing 
central heating system. 
All wood burning appliances must be properly vented. A Class "A" 
flue is required, equivalent to that required for a fireplace. If manu-
factured chimneys are installed, the double-wall insulated type is pre-
ferred for exterior wall installation. A double-wall chimney stays hotter 
and causes less condensation and creoso te formation than a triple-wall 
chimney. 
The cost of wood stove installation varies widely with stove quality 
a nd installation. A ballpark figure for a top quali ty stove, Class "A" 
factory-built chimney and simple hearth should run no more than $700 
installed, less than half the cost of a basic fireplace. Wood burning 
multifuel (gas or oil backup) furnaces range from under a $1,000 to 
$2,500. Their weight (up to 1400 lbs) and more complicated control 
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systems will make installation costs higher than for standard furnaces. 
Georgia Tech and the Georgia Forestry Commission have produced a 
series of information brochures on all aspects of wood fuel use for 
houses; contact your local Forestry Commission office for further in-
formation. 
Solar Hot Wa ter Heaters 
There is a wide range of solar development going on from crop drying 
to orbiting solar e lectric space stations, but the most down-to-earth 
application is heating of domestic hot water. Solar hot water heaters 
are being installed on houses in growing numbers. ~~ile these solar 
water heaters are being installed on only 1 % or so of n ew houses in 
Georgia at present, some forecasters think that 50% of the new home 
market will have them by 1985. In short, the market is very limited at 
present, but will increase in the years ahead. The competi tive mech-
anical contractor will be called upon to install and servi ce t h e sys-
tems. Re cent tax breaks (a 25% rebate) will increase demand for the 
systems. 
A typical domestic solar hot water heater system consists of the 
following basic parts: 
1. Solar Collector 
2 . Storage Tank 
3. Pump 
4. Controls 
5. Plumbing and Wiring 
The absorbe r plate is a flat metal plate, painted black, through which 
wate r i s circula ted . Glas s cove r s allow s unlight to shine on the p l a te, 
warming it . The back of the collector plate is insula t ed to reduce heat 
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loss. The sides and bottom of the collector are enclosed, usually in a 
sheetmetal pan. The glass (or plastic) covers, absorber plate, insulation 
and pan when assembled, are called the solar collector. The collector is 
installed, usually on a roof, facing south, on tilt angle equal to the 
latitude for year-round hot water heating. When in operation, cool water 
is circulated through the passages in the collector plate and is warmed 
0 about 10 F by the heat of the sun. Collector size varies: a typical 
collector has about 30 square feet of surface area, and one or two col-
lectors are used to heat water for an average family. Flow rates are 
about one gallon per hour per square foot of collector area. 
The warm water is pi-ped to the hot water storage tank. Most sys-
terns use an antifreeze solution and a heat exchanger i n the storage tank. 
The heat exchanger is usually a coiled pipe inside the tank. It prevents 
the water in the tank from mixing with the antifreeze solution. When hot 
water is called for, it leaves the storage tank and enters a standard hot 
water heater . This is the auxiliary or back-up heater which takes over 
during cloudy weather or periods of high usage. 
A small recirculating pump is used to move the antifreeze solution 
through the system. The pump size is usually about 1/20 hp. 
The main control is a differential temperature switch. A temperature 
sensor is placed on the collector and storage tank. When the collector 
temperature reaches about 10° F more than t he t ank temperature, the pump 
switches on to collect the heated water . 
Plumbing is usually copper tubing with soldered fitting's. Wiring 
consists of l ine voltage wiring of the pump and control plus low voltage 
wires to the t emperature sensors. 
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This is a general explanation of an active solar domestic hot water 
heating system. Many small variations exist in materials and equipment 
and cost. At present, installed cost for these systems range from $1,000 
to $2,500 for heating domestic hot water. Payback periods range from 
5 to 7 years for electric water heating to 12 to 16 years for natural 
gas heat. These economics will improve with rising utility prices and 
cost reduction in collector systems. 
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CHAPTER 6 
ENERGY CODE REQUIREMENTS FOR RESIDENTIAL CONSTRUCTION 
A new energy code is in effect in the State of Georgia that sets 
minimum standards for energy conservation in single and multi-family 
residential housing. This is a minimum code, and most builders already 
meet or exceed its standards. This code went into effect on July 16, 1978, 
and all present and future construction is governed by it. The code is 
officially called the "Georgia State Code for Energy Conservation in New 
Construction" (Legislative Act 1470, 1978); it is available from Mr. 
Leslie Zsuffa, State Building Administrative Board, 32 Peachtree Street, 
N.W., Atlanta, Georgia 30303. The cost of the code is $6, plus $1.50 
for the "Applications Manual." 
The Home Builders Association of Georgia has taken a neutral stand 
on the code. The major provisions of the Code are equal to or less 
stringent than the FHA standards that H.B.A.G. has adopted as a minimum 
standard. 
For residential construction it calls for minimum insulation in 
walls, ceilings, floors , and around slab- on-grade. The code also re-
quires tight-fitting windows and doors, weatherstripping, and caulking 
of cracks where air infiltration might occur. 
The code is unique in that it allows the bui lder three methods of 
compliance: 
1. Acceptable practice 
2. Component performance 
3. Alternative design 
The acceptable practice method is the simplest to use and involves very 
(Continued on page 47) 
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4 
COMPARISON OF ENERGY CODES FOR NORTH GEORGIA 
























Sol i d Core , 






1" thick, 24" wide 
perimeter insula tion 
Stor m or Double Pane 
Insulated Door, 
or Storm Door 
1. The Georgia Code allows R-11 wall ins ulation with single pane glass up 
to 15% (based on wa ll area). R-19 insula tion is required with more 
than 20% s ingl e pane gl ass, based on wall a r ea . North Geor gia is con-
s i dered to be Savanna h and Albany and no r th. 
2 . FHA-HUD specifica tions prohibit more t han 15% gl azing , based on ex-
terior wall area. The Home Builders Assoc iation of Georgia has adop ted 
this as a minimum s tandard, along with their seven yea r maximum payback 
rule for energy packages . North Georgi a is considered t o be north of 
Macon. 
3. Farme r s Home Adminis tra t ion will loan on t he construc t ion of cathedral 
ceil ings , s l iding glas s doors, and fir epl aces only if t hey can be jus-
tified under their program. They pe rmit the construction of a flue 
for a woodburning s t ove i f condit ions warran t i t. A poly vapor barrier 
is r eq uired fo r the walls . The R-16 f igure f or wa l l s in north Georgia 
i nc ludes i nsulation and s hea thing . Nor th Geor gi a is conside r ed t o be 
north of Macon . 
General Note 
4. The divi di ng l i ne fo r north and south Georgi a differ s fo~ t hese three 
codes , check wi th your l ocal repres en tative t o be s ure of requircLc.;c~~3 
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RIGID INSULATION * 




2 CORE 8" 
CONCRETE BLOCK 
IF INSULATING GLASS OR STORM WINDOWS ARE 
INSTALLED, R-11 ALONE IS SUFFICIENT FOR 
WOOD STUD CONSTRUCTION, AND R-8 ALONE IS 
SUFFICIENT FOR CONCRETE BLOCK CONSTRUCTION 
UP TO 25% GLASS IN WALLS. 
* R-5 MAY BE USED INSTEAD OF R-8 FOR AREAS 




IF 0\' ER 
~0:: GL.l.SS 
I i\ \~ALLS 
INSULATING A HOVE BY THE GEI 
CEILING/ROOF 
VENTILATIOuNJ~~~~?~ --- CLG.J< 
- R-19 
~~:-...---INSULA~ 
~~'--A-~~..sr--V APOR BARRJ: 
RAFTERS --CEILING FII 
SEE scmn 
AIR SPACE & .. .o.•aoo ... .l ....... mna.w BUILT-UP 







OR R/\f1T.RS SEE ! 
CA1HEDRAL TYPE CEILING 














JOIST ~£9 CFL. G!RllER 
L~ •n•T: VAPOR BARRIER 
COOC. PIER ON GROUND, 
R-11 IS SUFFICIENT IN ALL CASES EXCEPT 
FOR A FEW AREAS IN EXTREME NORTH GEORGIA. 
IN SOUTH GEORGIA (i.e.-SAVANNAH & ALBANY) 
NO FLOOR INSULATION IS NEEDED IF CARPET 
AND PAD ARE INSTALLED. R-4 IS SUFFICIENT 
WHERE THERE IS NO CARPET AND PAD. 
* IF FLOOR IS OVER A HEATED BASEMENT, NO 
INSULATION IS REQUIRED. 
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Sl.PB ftRir£TER 
RIGID INSULATION (SEE BELOW) 
FOR FINISH SEE SPEC . 
BASE 8 SHOE MOULD 












FOR A HEATED SLAB ON GRADE' R-6 
FOR AN UNHEATED SLAB ON GRADE' R-4 
















R-11 R-11 1 
R-19 
Carpet and Pad, None Required 
or R-4 
R-0, R-4 None Required 
if heated 









Storm or Double 
Solid core, weather-
stripped or hollow 
core with storm 
1. The Georgia Code allows R-11 wall insulation with single pane glass up 
to 15% (based on wall area). R-19 insulation is required with more 
than 20% single pane glass, based on wall area. South Georgia is con-
sidered to be Savannah and Albany and south. 
2. FHA-HUD specifications prohibit more than 15% glazing, based on ex-
terior wall area. The Home Builders Association of Georgia has adopted 
this as a minimum standard, along with their seven year maximum payback 
rule for energy packages. South Georgia is considered to be south of 
Macon. 
3. Farmers Home Administration will loan on the construction of cathedral 
ceilings, sliding glass doors, and fireplaces only if they can be jus-
tified under their program. They permit the construction of a flue 
for a woodburning stove if conditions warrant it. A poly vapor barrier 
is required for the walls. The R-11 figure for walls in .south Georgia 
includes insulation and sheathing. South Georgia is considered to be 
south of Hacon. 
General Note 
4. The dividing line for north and south Georgia differs for these three 
codes, check with your local representative to be sure of requirements 
in your area. 
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few numerical calculations. The two-page chart shows typical constructions 
and the corresponding insulation that would satisfy the code requirements. 
This quick reference chart is the centerfold of the book and may be torn 
out for easy reference. The pull-out also contains a comparison of the 
Georgia Code with FHA-HUD and Farmers Home Administration requirements. 
The component performance method allows more flexibility in the design 
of the house. If more glass is desired or less insulation than shown on 
the chart is desired for the walls or floor or ceiling, insulation can be 
added in places to account for the change. The procedure to be followed 
in this case can be found in Chapter V of the Code. 
The alternate design method gives maximum flexibility in the design of 
a house. It allows for innovative features such as passive or active solar 
systems to be used in minimizing the energy requirements of the structure. 
The procedure for this method is found in Chapter IV of the Code. 
The following is a fact sheet with the most frequently asked questions 
and answers. 
Q - How was the code developed? 
A - The State Building Administrative Board selected a special energy ad-
visory committee, which included representatives from the board's 
State Code Advisory Committees on Heating and Air Conditioning, Plumbing, 
Building,and Electrical. Seven public hearings were held for comments. 
Q - Does the code apply statewide? 
A - The code applies everywhere in Georgia as part of the Energy Conservation 
Building Standards Act of 1978. The code was adopted on July 16, 1978. 
Q - Does the code apply to all buildings? 
A - The thermal standards in the code apply to all new and renovated build-
ings, except certain exempt ones, and the lighting standards apply to 
all buildings used by the public which excludes residential buildings. 
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Q - Who is responsible for enforcement of this code developed by the State 
Building Administrative Board? 
A - The act specifically provides that enforcement shall be solely the pro-
vince of local governing authorities, except in regard to buildings 
owned by the state. 
Q - What about old buildings? 
A - Existing buildings are not covered by the code, except when undergoing 
renovation. 
Q - What does the code require? 
A - The provisions of the code cover: 
(1) The design and construction of the exterior envelope (in terms 
of adequate insulation and low air leakage), and 
(2) The selection of efficient heating, ventilating, and air con-
ditioning equipment, service water heating and usage, and elec-
trical distribution and the selection of lighting for all build-
ings except residential. 
Q - What are the requirements for residences other than insulation? 
A - The requirements include: 
(1) Perimeter slab insulation (amount determined by location). 
(2) Shower restricters with a total flow of 3 gallons per minute. 
(3) Gas-fired heating equipment (includes HW heaters) to have a 
combustion efficiency of 75% or better. 
(4) Manual or automatic thermostats for heating and cooling to 
have a 55 degree to 85 degree setting range with a maximum 
setting of 75 degrees F for heating and a minimum s etting 
of 70 degrees F for cooling. 
(5) Air leakage will be controlled by requiring tight fitting 
windows. 
(6) Return air ducts in unconditioned spaces shall be fully in-
sulated according to location of residence. 
(7) All exterior joints are to be caulked, gasketed, weather-
stripped or otherwise sealed to reduce air leakage and heat 
loss. 
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Q - Does the code require maximum insulation in attics? 
A - No. In residential construction, R-19 insulation will be sufficient 
according to the code. However, if one wants a large picture window, 
the code permits it if more insulation, R-22 or R-30, is used in the 
attic to compensate for the greater heat loss through the larger win-
dow. 
Q - Does this mean increased residential construction costs? 
A - No. Generally, the code may increase the cost of the exterior walls, 
floors, and roof due to more insulation. However, this increase is 
offset by the savings in smaller but adequate heating, ventilating, 
and air conditioning systems. Furthermore, the code-built residence 
should save at least 5% per year in energy. 
Q - What are the possible consequences if we fail to build by an energy 
conservation code? 
A- The U.S. Department of Housing and Urban Development is formulating 
national thermal efficiency standards for new residential and com-
mercial buildings. After these standards are promulgated in 1980, 
all federal financial assistance for new construction, including 
mortgage guarantees, may be terminated in areas which have not 
adopted equally stringent thermal standards. Building by the 




THERMAL INSULATION AND INFILTRATION 
AND VAPOR BARRIERS 
This section covers the two most important areas of energy conservation, 
insulation and infiltration barriers. The third area is on vapor barriers, 
which are used in conjunction with insulation. 
Energy conservation in the shell of the building starts with thermal 
insulation to retard the flow of heat, the application of vapor barriers 
t o preserve the insulation and structure of the house, and infiltration 
barriers to cut air leakage. 
The following areas are covered in depth: 
1. Thermal Insulation 
2. General Notes on Insulation 
3. R factors and Cost of Typical Materials 
4. Importance of Vapor Barriers 
5. Types and Installation of Vapor Barriers 
6. The Cost of Infiltration 
7. Sealing the Sill Plate 
8. Caulking and Sealers for Infiltration Control 
Thermal Insulation 
Thermal insulation is used to retard the flow of heat. Houses lose 
and gain heat three ways: conduction, convection, and radiation. Common 
insulating materials reduce heat flow by conduction; they have little 
effect on radiant and convective heat transfer. 
There are two benefits of adding thermal insulation: 
1. Money and energy are saved. Less heat is lost in the winter, 
and less air conditioning is needed in summer. 
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2. More comfort is provided. Walls, ceilings, and floors will be 
closer to the temperature of the air in the room, rather than 
to the conditions outside. 
As fuel costs rise, the economic thickness of insulation increases. 
The economic thickness is the amount of insulation which yields the lowest 
total cost per year for utility bills plus mortgage payments for the cost 
of the insulation. In essence, the owner of a building wants to pay the 
lowest 'comfort cost' per year, which will be the sum of the utility cost 
and the yearly mortgage bill for insulation. There is not one "optimum 
R factor." The economic thickness of insulation varies with energy, in-
sulation, and installation costs. The cost per R factor for widely used 
insulating materials is given later in this chapter. 
General Notes on Insulation 
There are three basic types of insulation commonly used in new con-
struction. Fiberglass is the best all around insulation for most purposes. 
While it is fire resistant, it should be noted that the vapor barrier is 
not. Rigid foams are now in use, primarily for wall sheathing. They are 
more expensive than fiberglass per R value, but they a re used for purposes 
f or which fiber glass is not sui ted . The polystyrene and urethane foams 
are the most flammable and must be covered with sheetrock to pass code. 
The poly isocyanuate types are the most fire resis tant, but require poly 
vapor barriers. Rock wool is a good material for attic insulation . 
Cellulos e insulation is also good for attics, and some insulat i on installers 
can spray it into the wall cavity with a binder to keep it in place. Fire 
res i stance of this material is dependent on chemical treatment. Pending 
legislation in Washington would upgrade and standardize t esting procedures 
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to assure more fire resistance and quality control. 
The new test for fire resistance is HHI~515D, a GSA specification. 
Cellulose insulation must be rated Class I, less than 25 flame spread. 
The Consumer Products Safety Commission and Federal Trade Commission are 
involved in setting up these safety and reliability guidelines. It is 
reconnnended that this material be kept 3" away from heat sources such as 
recessed spot lights. 
Urea formaldehyde 'wet foam' insulation has made little penetration 
in the new home market. The product is relatively new and is used only 
in walls. The possible shrinkage of the material, formaldehyde odor, 
and high price are its drawbacks. Installed cost is about 4 times as much 
as R-11 fiberglass. 
Foam core insulated doors are made with a variety of core materials. 
The door leading to the garage must be fire rated; these are available 
from most of the insulated door manufactures. 
R factors and Cost of Typical Materials 
R factor is a number used with insulating materials. It is propor-
t:i.onal to the resistance of the insulation to heat f~ow: the higher the R 
value, the better the insulating capability of the material. It is defined 
as the thermal resistance to heat flow for a given thickness of the in-
sulating material. 
The following is a table of R values for commonly used insulating 
materials. 
Material 
1. "Thermax" or "High-R" or "Climate Guard" 
2 . "Styrofoam" 
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R Value per 1" Thickness 
8.0 
5.41 
Material R Value per 1" Thickness 












4. Urea formaldehyde wet foam 
5. Cellulose - blown 
6. Rock wool, glass fiber - batts or blankets 
7. Perlite and vermiculite 
8. Fiberboard sheathing 
9. Rock wool - blown or poured 
10. Glass fiber - blown or poured 
11. Pine 
12. Gypsum board (drywall) 
13. Common brick 
14. Concrete 
The following table is a cost comparison for cost of insulating 
materials. These prices vary with time, locality, and thickness of 
material and are only an approximate guide. Rigid foam prices are based 
on 3/4" thick sheets and batts are loose fill on 3-·1/2" thickness. 
These prices are for Atlanta, October 1978. 
Cost Comparison (for materials only) 
(not including installation) 
1. "Thermax" or "High R" 
2. "Styrofoam" 
3. "Supersheath" 
4. White bead board 
5. Urea .formaldehyde foam 
6. Glass fiber - batts or blankets 
7. Glass fiber- blown or poured 
8. Cellulose 
9. Fiberboard sheathing 
Approximate cost, 










Note that you are trying to buy resistance to heat flow, not thick-
ness of material. The material which is lowest in cost per R factor is 
always the best buy if the installation cost is the same for both materials. 
Importance of Vapor Barriers 
Vapor barriers reduce the rate of flow of water vapor. They are used 
on walls, floors, and ceilings of residential construction to prevent 
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water vapor from entering the insulation in large enough quantities to 
cause condensation. When water vapor touches a cold surface below the 
dewpoint temperature of air at the point, the water vapor condenses to 
liquid water and wets the insulation. This causes a loss of insulating 
capability and possible rotting of the wood and peeling of exterior paint. 
Vapor barriers are especially important in kitchen and bathroom areas where 
high concentrations of water vapor exist. Extra care should be taken in 
these areas to provide a continuous and undamaged vapor barrier. Vapor 
barriers are also installed on top of the earth in the crawlspace of a 
house to keep the crawlspace and flooring dry. 
Finally, vapor barriers help produce a better living environment in 
the house by keeping it drier in the summer and maintaining higher humi d-
ities during the winter. 
From the builder's standpoint,installing the minimum amount and t ype 
of vapor barri er is best because it keeps costs down. Do not use a more 
expensive vapor barrier system than the wall sheathing requires. These 
requirements are covered in the material which follows. 
Types and Installation of Vapor Barriers 
There are three common types of vapor barriers used in res i dential 
construction. Vapor barriers are generally made of asphalt coatings, 
plastic f ilms, or metall ic foils. The most common is asphalt-coated 
back-up paper f ound on ba tt and blanket fiberglass. This material offers 
adequate protection for all installations except when used with foil-faced, 
rigid foam wall sheathing . The paper (sometimes called as phal t impregnated 
Kraft paper, or just Kraft paper) i s a lso used t o s taple t he ins ulation to 
the f raming. Care s hould be taken t o repair t ears in this material; use 
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duct tape for this purpose. The second type is foil-backed gypsum board 
or drywall. This is frequently used for ceilings where blown insulation, 
which has no vapor barrier of its own, is to be installed. This vapor 
barrier offers adequate protection except with some foil-faced wall sheath-
ings such as "Thermax" and "High R." Polyethylene plastic film is the 
third vapor barrier in widespread use. It offers superior protection to 
asphalt paper or foil-backed sheetrock. A 6 mil thickness is adequate 
protection for all types of insulation. The 4 mil thick film is adequate 
for all rigid foam sheathing with or without foil facings, except for 
"Thermax" and "High R" which require the 6 mil thickness. Four mil 
polyethylene film is also used to cover damp earth in the crawl space 
of the house to keep the crawlspace and flooring dry. 
The asphalted paper vapor barriers are stapled to the face of the 
wall or ceiling framing members. They can be side stapled to the wall 
studs, but face stapling is preferred. For crawlspace installation, the 
vapor barrier is faced up to the floor and the fiberglass insulation is 
kept in place by spring wires or chicken wire. The asphalted paper 
always faces the heated side, that is, up against the drywall of walls 
or ceilings, a nd against the s ubfloor. If the drywall ceiling i s already 
in place, batts or blankets of insulation are placed between ceiling joints, 
a gain with the asphalted ("Kraft paper") side facing down against the dry-
wall or gypsum board. 
Foil-backed drywall has a thin aluminum foil vapor barrier on the 
side that faces the wall stud. The drywall is installed normally. The 
insulation used with this system needs no vapor barrier. 
Polyethylene f ilm is installed af ter wall insulation is in place 
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and before or after ceiling insulation is installed. Sheets of this 
plastic film are stapled in place. After stapling, holes are cut out 
for windows and doors. The material is stapled to the wall studs and 
ceiling joists on the inside of the framing and then the drywall is in-
stalled over it. 
It is worth repeating that all vapor barriers are installed facing 
the living area. Never reverse the vapor barrier and place it on the 
outside of the wall or top of the ceiling joints. Always face the vapor 
barrier up,facing the subfloor in crawlspace or basement installation. 
If excess moisture exists in the crawlspace, cover the damp earth with 
4 mil polyethlene; do not turn the vapor barrier face down on fiberglass 
insulation installed under the floor in an attempt to cure this problem. 
The Cost of Infiltration 
Energy conserving construction means tight construction. More in-
sulation and better equipment can help, but the house must be tightly 
constructed in order for insulation to do its job effectively. 
Infiltration costs money. A good value for total infiltration in 
residential construction is 1 air change per hour! Under average conditions, 
all the air in the house leaves and is replaced by outside air at ambient 
temperature each hour. This causes higher heating and cooling bills, higher 
humidity during the summer, and drier air during the winter. Infiltration 
may be up to 40% of the heating and cooling load of a well~insulated house. 
Where does all this air leak into and out of the house? The following 





Air Changes per Hour* 
0.25 
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Infiltration Area Percent Air Changes per Hour>'< 
2. Wall outlets 20% 0.20 
3. Duct System 14% 0.14 
4. Windows 12% 0.12 
5. Range Vent 5% 0.05 
6. Fireplace 5% 0.05 
7. Exterior Doors 5% 0.05 
8. Recessed Spotlight 5% 0.05 
9. Dryer Vent 3% 0.03 
10. Sliding Glass Door 2% . 0.02 
11. Bath Vent 1% 0.01 
12. Other 3% 0.03 
Annual Cost per 1,000 square feet for 1 Air Change per Hour 
Gas + A/C All Electric Heat PumE 
Heating $29 $70 $31 
Cooling 17 17 17 
Total $46 $87 $48 
*Based on 1 air change per hour under average conditions. 
With these figures for the Atlanta area, the sole plate which 'leaks' 
0.25 air changes per hour would cost $11.50 $21.75 and $12.00 per year 
for gas and A/C, all electric, and heat pump systems respectively. 
The area of largest loss is a surprise - not the windows and doors -
but the soleplate leads the list. 
1. The solution is simple - apply a bead of caulk between the soleplate 
and flooring or slab during installation. An alternate is to caulk the 
interior crack between the soleplat e and flooring after it is s ecured. 
Urethane wet f oams can be used f or the a ppl i ca tion. 
2. The second largest area is the electrical outlets on exterior walls. 
Caulk the wire and pipe holes wher e they penetrate the upper and lower 
wall pla tes, and pack the wall ins ulation behind the outle t box. 
3. The duct syst~m leaks can be reduced by taping the seams before 
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applying duct insulation. Tape is still needed to contain the air in the 
duct; the insulation is not designed to do this. 
4. Window infiltration was primarily leakage around the frame. The shim 
space between the rough opening and frame should be packed with insulation 
and covered with a vapor barrier. It can also be filled with urethane foam. 
5. The range vent should have a back draft damper. The area around the 
vent duct should be sealed where it penetrates the wall or ceiling. 
6. The fireplace damper is the leakage point. Glass doors in front of 
the fireplace and exterior combustion air ducts can cut this loss. 
7. Standard exterior doors can be replaced with foam core doors with 
superior weatherstripping. 
8. Recessed spotlights and sliding glass doors should be avoided. 
9. The dryer vent should have a back draft damper. Joints should be 
sealed with tape. 
10. Sliding glass doors should be avoided; foam core doors, especially french 
doors of this type,will let in the view with lower heat loss. 
11. The bath vent should have a back draft damper; seal the space between 
the sheetrock and the fan s hroud. 
Sealing the Sill Plate 
Sill plate infiltration was not included in the above tests, but 
can cause higher heating and cooling bills in houses which have a finished 
basement. A house built over a crawlspace which contains no fuel-fi red 
appliances (furnace or hot water heater using gas or fuel oil) should 
also be sealed. If it contains fuel-burning appliances, a sealer is 
not necessary or desirable . Sealing is accomplished by running a bead 
of caulk down the center of the foundation before the sill plate is bolted 
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down. Another product used for this purpose is "sill sealer" 
which is fiberglass material 1" thick and 4" wide. It is unrolled along 
the top of the foundation before the sill plate is bolted down, in effect, 
becoming a gasket between the sill plate and foundation. New polyurethane 
foams are available which can seal this crack after the sill plate is 
placed. The foam is applied as a bead on the inside of the sill plate. 
It comes in pressurized aerosol cans and has much the same consistency 
as shaving cream before it dries. This system cannot be used where the 
dried foam will be subjected to sunlight, as the ultra-violet portion of 
sunlight will cause the foam to disintegrate in a matter of months. 
~aulking and Sealers for Infiltration Control 
Caulking is used to seal around openings (doors, windows, etc.) to 
keep air and water from passing through these cracks into the house. 
Since they are used on the exterior of the house, they are exposed to 
the weather and sunlight. Poor quality caulk will weather, harden, and 
fall out of these cracks in a short time. It pays to use higher grade, 
longer lasting caulks on the exterior of the house. Remember the 
relation of caulking, cracks,and air infiltration- these cracks will 
add about $20 per year to the heating and cooling bills of the average 
all electric house, and about $10 per year for a natural gas/electric 
house. Since caulking is always applied to a new house, the only extra 
cost involved in sealing these cracks is the extra cost of a better caulk. 
The ideal caulk would be easy to apply, have good adhesion, and stay 
flexible indefinitely. 
a. Oil Base 
Oil ba s e caulking is t he oldest and us ually the cheapest ca ulki ng 
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available. In general, oil base caulks have the shortest life. (There 
are exceptions, however see Consumer Reports, May 1976, pg. 291, for 
brand name comparisons). Oil base caulks are more than adequate for in-
terior caulking jobs. Many oil base caulks are difficult to tool smoothly. 
b. Acrylic Latex and La tex 
These two caulking materials offer better resistance to aging t han 
most oil base caulks at slightly higher cost; they also are easy to tool 
smoothly after appl ication. 
c . ButyJ Rubber 
Butyl rubber also offers better resistance to aging than most oil 
base caulks at moderately higher cost . Most are difficult to tool smoothly. 
d . Polyurethane, Polysulfide and Sil i cone Rubber 
The polyurethane, polysulfide,and silicone rubber caulks offer better 
resistance to a ging than most oil base caulks, at a much higher cost (s ev-
era l times t he cost of oil base caulk ). Some types are difficult to tool 
smoothly, and most silicone rubber products cannot be painted. Other than 
these two problems, silicone rubber caulks are excellent, except for their 
high price. 
e. Fillers 
Large, deep cr acks must be filled to within 1/2" of the surface in 
or de r to r etain caulk and cu t waste. Fill the crack with oakum , wood, 
cotton , gla s s wool, or other i nert material before a pplying caulk . 
f. Summary 
A good oil base caulk or latex or acrylic caulk i s the most economical 
choice . Price is not always a good guide to performance . Check tes t data 
for be tter brands. Synthetic r ubber ca ul ks may give superior r esul t s , but 
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have high cost and are difficult to tool, 
g. Interior Wet Foam Sealants 
A relatively new product is on the market which is used to seal the 
wall cavity from the inside. These are polyurethane base wet foams which 
come in a can. "Monofoam" and "Polycel One" and "Insta foam" are three of 
the brands currently available. While a standard tube of caulking compound 
will produce a 1/4" bead 25' long, a small aerosol can of foam (selling 
for about $8 a can) will produce about 25 times as much bead at an obvious 
cost saving. This material cannot be used on the exterior of a house, as 
sunlight degrades it. It is a logical choice for sealing around the sole 
plate, door and window frames, and piping and wiring holes which are pro-
tected from sunlight. Very large cracks can be filled with fiberglass 
or other insulating materials at a lower cost, and topped if necessary, 
with wet foam sealant. 
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CHAPTER 8 
PASSIVE SOLAR ENERGY DESIGN IN RESIDENTIAL CONSTRUCTION 
Passive solar systems use the building as the collector and storage 
system. The word "passive" means that no fans or pumps are used; heat 
moves on its own by conduction, convection, and radiation. 
There are two distinct areas of passive design that home builders 
should understand: 
1. Summer design consists of proper orientation of the house 
on the lot, and shading of windows to decrease solar heat gain, thereby 
redu~ing air conditioning costs. 
2. Winter design attempts to l et in the sun and store the heat 
gained from the sunlight~ while minimizing heat loss. 
Summer Desi~d Site Orientation 
The roof ridge on a house with a standard gable roof should run 
east and west. The roof eave on the south side should extend 18" to 24" 
past the south wall of the house. On two-story houses, a setback (can-
tilevered design) at the second floor can shade the lower story. This 
eave will shade the south windows during midday in the summer, and 
also allows sunlight to penetrate during the winter. 
Windows on the west side of the house let in large amounts of heat 
during the late afternoon. The solar load developed by an unshaded single 
pane window facing west is about one ton per 100 square feet of glass 
(using Manual J figures). In contrast, a shaded, double pane window 
develops a one ton air conditioning load per 420 square feet of glass. 
The best method of cutting this l oad is to eliminate or limit t he 
west facing glass by placing the garage on the west side of the house. 
Other methods are shade screen, large pine or hardwood trees, or awnings. 
The diagram at the end of the chapter shows these relationships. 
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The windows which face east generate nearly the same air conditioning 
load and should be shaded. The east windows generate their peak load in 
the morning when it is cool and shading them is less critical than 
west windows. As noted in the chapter on New Construction Techniques, 
even white, opaque roller shades can help. Adding one to a double uane 
window facing east or west decreases the air conditioning load 20%. 
North windows let in diffused light during most of the year. In 
midsummer, a few hours of direct sunlight may pass through them, but 
the air conditioning load developed is small. 
Porches can help shade the glass on the house. A short porch is 
all that is necessary on the south side. A porch on the east or west 
side must be quite wide (6' to 8') in order to effectively shade the 
wall and glass . I n addition, positioning a screened-in porch used for 
eating on the west side is not recommended. The summer sun will heat 
the porch and its occupants when they are most likely to use it, at 
dinner time. The east or south s ide would be cooler at this time of 
day. 
Winter Design for Solar Heating 
In all of Georgia, a double pane glass window which faces south 
will gain more solar heat during an average winter than i t will lose . 
This simple fact opens the way for partial heating of homes with simple, 
passive solar energy. 
As with many things that appear simple , there are complex factors 
that must be accounted for before we can make use of solar heat. 
1. Storage 
The solar radiat ion which enters south facing ~indows is con-
verted to hea t when it s trikes the wall, floors, and f ur niture i n a room . 
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Enough mass must be built-in to soak this heat up arid release it at night. 
2. Infiltration 
If windows are poorly installed or of poor quality, air leakage 
will cancel out any solar gains. 
3. Added air conditioning ~ load 
Even if the south facing glass is properly shaded, it will add 
to the air conditioning load bv conduction heat gain, increasing summer 
air conditioning bills, even though it decreases winter heating bills. 
These are the three main problems involved in passive heating design. 
The following information will give the builder a basic understanding of 
the solutions, and a basis for working with your designer or architect 
on these problems. 
Design Considerations 
The site should have a relatively unobstructed horizon to the south. 
Tall pine trees, or a hill to the south will reduce the number of hours 
of sunlight available. Five hours of sunlight on December 21st should 
be considered a minimum figure for a site. Hardwood trees to the south 
pose no problem if they lose their leaves early in the winter. 
The house must include enough mass to prevent overheating and to 
save the heat for nighttime use. A rule of thumb is to have at least 
1 cubic foot (150 lbs.) of concrete or 4 gallons of water in the rooms 
on the south side per square foot of glass. The mass should be directly 
exposed to the sun; if not, 4 times the mass is required. The concrete 
can be the floor slab, with beefed up perimeter insulation. The floor 
should not be carpeted; a quarry tile or cracked tile finish is best. 
The usual thickness. of; contre te required is 4'' to 8", depending on the 
amount of glas s. Mas s can be built into the no;r t h wall of the room using 
concrete blocks filled with sand or an extra layer of sheetrock. 
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Water storage may be added later; it is accepted esthetically by some 
and rejected by many. Water usually is stored in fiberglass tubes or re-
conditioned water drums. It can be concealed from view, but should be able 
to absorb direct sunlight. Low mass elements in the room should be light-
colored to diffuse and reflect light; high mass elements should be dark, 
but need not be black. There should be about 3 feet of exposed surface 
of the mass per square foot of glass. 
The amount of glass in the south wall should not exceed 1/4 of the 
conditioned floor area in the rooms to be heated. A typical 1600 square 
foot house could have up to 400 square feet of glazing on the south side. 
In order to install this much glass, the house would need to be long and 
narrow. A 25' X 64' house would still have 80% of the south side glazed 
if the full 400 square feet were used. This amount of glass would pro-
vide about 40% of the space heating load, the remaining 60% being provided 
by the standard heating system. These figures ~RlY to a well-built 
Much of the glass should be fixed to eliminate infiltration, and 
the shim space between the rough opening and the window trim should be 
sealed and insulated. 
Daily temperature swings in the solar heated portion of the house 
0 0 
will probably be 15 to 20 F. Overheating of the space, with loss of 
efficiency and de creased s avings and comfort must be avoided. Enough 
mass must be provided fo r ea ch square foot of window, and the amount of 
glazing should not exceed the 1/4 rule stated above. Attempts to pro-
vide more than 50% of heating with this passive system will increase the 
odds that overheating will occur. 
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The net heat gain for a properly designed passive system in Atlanta 
will be about 80,000 Btu per square foot of double >ane glass per winter. 
At current fuel prices found in Appendix I, it will save 35¢, 41¢, 50¢, 
82¢ per square foot of glass for natural gas, heat pump, fuel oil, and 
electric furnace heating systems. Using Manual J data, this glass, if 
properly shaded to eliminate solar gain during the summer, will add 18¢ 
per square foot per summer to the air conditioning bill. The heating 
savings versus air conditioning cost produce two concepts: 
1. North Georgia, where heating needs predominate and little a ir 
conditioning is needed for a well-shaded house, is a prime 
candidate for this system. 
2. The inclusion of interior or exterior insulating shutter sys-
tems on the south wall may be needed to shed the summer solar 
load in south Georgia and will also help cut night losses during 
the winter. 
The economics of this system are highly dependent on efficient design 
and cost control by the builder. Using insulating glass made in standard 
sizes for sliding glass doors can keep the extra cost of the south wall 
to $3 per square foot of glass. The extra cost for a tile floor over 
carpet and pad cost would be about $3 per square foot of glass. Pay-
back periods for a house with an electric furnace would be 9 years, for 
natural gas, 35 years , inc luding the added cost of air condit ioning . 
These payback periods can be improved considerably by using Kalwall or 
Filon fiberglass panels instead of glass. The owner of the house may also 
feel that the tile floor is desirable esthetically, outside of its solar 
function, in which case i ts cost may not be a factor . Finally, a house 
in the northern part of the state with higher heating and lower air con-





SELLING THE ENERGY CONSERVING HOME 
Is Today's Homebuyer Ready for the Energy Conserving Home? 
The contemporary homeowner and homebuyer are v1ell aware of the high 
costs of their energy. They are also aware that utility bills will continue 
to be an increasing percentage of their monthly expenses. Homeowners are now 
looking beyond the initial cost for their homes and making critical evaluations 
of what it will cost to operate their homes five, ten, and fifteen years from 
now. A conservative estimate would be that, on the average, a typical Georgian 
is reminded 10 times per week, via mass media, signs, or at work, that some of 
our current fuels will eventually become in short supply, that energy costs 
are going up, or that energy conservation should be practiced at home or on 
the job. 
Today's homebuyer ~ready for the energy conserving home, and current 
sales of energy conserving homes support this statement. Many builders throughout 
the Southeast are altering their designs and building techniques to build only 
energy conserving homes. In the words of one southern builder: 
"I took a hard look at the new design ideas and then s ent my people back 
to the drawing boards to redesign all of the houses we had planned at the time. 
Actually, making the design changes doesn't take a great deal of doing; and in 
the average home, the cost differential will only be about $1,000. But when the 
savings are measured for the buyer, month after month, year after year, why, 
this looks like the only logical thing to do". 
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In a recent survey, "Professional Builder" reported that 89.3 percent 
of actual buyers were willing to spend $600 or more at the time of construction 
in order to cut their heating and cooling bills by $100 per year. 
One example of how well sales of energy conserving homes are going is 
that the largest home builder in the state of Virginia builds and markets only 
energy conserving homes. 
The demand exists for energy conserving homes, and the progressive builder 
with insight into the changing home market will recognize this fact and gear 
up to supply them. 
The Effect of Energy Costs On The Homebuyer 
Notwithstanding the energy awareness of today's average person, the 
prospective homebuyer needs to have certain facts emphasized. For an average 
house with gas heat and electric air conditioning, utility bills equal 16% 
of the mortgage payment. 
For all electric homes, this figure is 27%. The following table illustrates 
representative cost figures for the Atlanta area. 
Average Monthly Utility Bill 
Sq. Ft. of House Gas Heat, All Electric Monthly Mortage* 
Elec, A/C w/Baseboard Ht. Payment 
1200 $ 50 $ 87 $ 330 
1600 $ 70 $117 $ 440 
2200 $ 88 $158 $ 605 
Percent of Mortgage 
Payment 16% 27% 
*30 year mortgage, 9 3/4% interest, $32 per sq. foot of conditioned space. 
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Heating and air conditioning constitute the major portion of the 
energy bill for the average home, with a substantial part of the remainder 
being made up by domestic hot water. The chart below illustrates results of 
a study performed to determine electrical energy usage patterns for typical 
new, single-family home construction by Gulf Power Company. It shows the 
predominance of heating and cooling as items making up the total energy 
bill. 
Annual Energy Consumption in 
New Single Family Residences 
Since many new homes are constructed without adequate energy conservation 
features, much of the heat in winter, cool air in summer, and hot water year-round 
leaks or is directed out of the house, increasing the homeowner's costs with 
no net effect on comfort. 
that: 
The figures given above have additional significance, when it is considered 
l) Energy costs will continue to go up, 
2) Mortgage payments to an existing loan are constant over the loan 
life, and 
3) Money that is spent on a mortgage is an investment in one's home , 
while money spent on utilities yields no tangible, future return. 
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A further illustration to sharpen the prospective homebuyer's interest 
appears on the following page. The graph shows a projection of the change 
in utility bills versus mortgage payments, with time, assuming a 10% per year 
increase in energy costs. The graph shows rapid growth of utility bills, with 
the all electric house utility bill and mortgage payment becoming equal after 
14 years; for natural gas heat, the figure is 19 years. In addition, the 
peak month utility bill will surpass the mortgage payment much sooner. This 
event has already occurred for many homeowners with all electric homes during 
recent winters; what is worse, cost increases could more than likely be higher 
than the 10% used in the graph. 
By advising prospective homebuyers of these facts and offering the 
energy saving home as the solution, the builder, developer, and real estate 
agent will be satisfying market demands, selling homes faster, and making more 
money on slightly higher priced homes, while giving the homeowner the assurance 
of lowered energy use and costs. 
From a benefit/cost standpoint, the following analysis would seem appro-
priate for today's homebuyer: 
Monthly Cash Flow Based on 1,000 Sq. Ft. of House 
First Cost to the Homebuyer 
Extra Mortgage Payment 
Average Monthly Utility Savings, all electric 
Average Monthly Utility Savings, gas - electric 
Net Cash in Hand Savings to Homebuyer: All Electric 
Net Cash in Hand Savings to Homebuyer: Gas - Electric 
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It should be re-emphasized that the extra mortgage payment of $8.59 
per month is "saved" also. The buyer is building equity in the house with 
it, and will recoup the money upon sale of the house. Savings may be 
be greater outside the Atlanta area where this energy cost data was derived. 
Lenders will be pleased to note that there is a simple basis for this 
method of economic analysis: any energy conserving item which saves as much 
per month as it costs in mortgage payment ($8.59 per month, per $1,000 - first 
cost to the home buyer) has a simple payback period of 9.7 years. Also, for 
the homeowner, if the savings as a result of energy conserving features shown 
above were invested at 6% interest, the sav:f·.ngs over the 30 year mortgage would 
be in excess of $12,500. 
The Energy Conserving Home Marketing Packag~ 
Two principles of importance apply here: 
1) A package of energy conserving features is more desirable 
than one or two energy extras. 
2} The marketing of the energy saving home requires the coordina-
tion and expertise of all of the people involved in the new 
home industry: builders, subcontractors, appraisers, lenders, 
real estate agents, and home buyers. 
It is important to use a package of energy conserving features and, where 
possible, to standardize this package for a particular area. The use of a 
standardized package has the advantages of a) tightening up the house equally 
in all its weak areas, producing the greatest amount of comfort and savings, 
b) making the job of communication between builder and subcontractors, inspectors, 
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appraisers, lenders, sales agents, and home buyers easier, and, c) making 
easily obtainable, fully tested materials available instead of requiring that 
new, untried materials be used, thereby making it simpler to pass building 
codes. 
Individuals outside the home building industry are often amazed at the 
complexity of the scheduling and coordination required to build and sell a 
house. This same scheduling and coordination are required to build and market 
the energy conserving home. The wise builder will make sure that the following 
people are completely aware of the energy saving plans and materials he has 
built into his homes: 
1) Subcontractor: 
The heating and ventilating contractors, insulators, and framing 
crews are at the heart of producing a tightly constructed, energy 
conserving home. They must be fully aware of new techniques and 
their part in the construction of the energy saving home. 
2) Inspectors: 
By building a standard energy efficient package into homes and 
i nforming the building inspector o f the details of this package , 
the task of satisfying the building code will be simplified. 
3) Appraisers: 
Appraisers must be aware of all the energy saving features in a 
new home. Following this section is a sample "FHA Description of 
Materials Form" with energy extras noted for the energy cons erving 
house plans, to illustrate t he degree of detail which should be used. 
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Also, the most recent "Federal National Mortgage Association 
Residential Appraisal Report" form (FNMA Form 1004 and FHLMC Form 
70, Revised 10/78), a form widely used in appraisal and lending 
circles, makes special emphasis of energy efficient items in the 
valuation process. Today, appraisers are giving energy saving 
features their due in terms of market value, but they can only 
include these features in their appraisal if they are aware of them. 
4) Lenders: 
Lenders are committed to a policy of fostering energy conservation 
in the construction of new homes. One of the considerations used 
in evaluating the allowable debt-to-income ratio for prospective 
buyers is whether the home has energy conserving features which would 
reduce the buyer's anticipated utility bills and hence, permit the 
lender to allow a slightly higher debt ratio. Real estate agents 
and home buyers in particular should be aware of this consideration. 
But, once again, the lender must know the extent and type of energy 
saving features. Another advantage to a builder of using a standardized 
package is that, by reputation, appraisers and lenders will come to 
expect or look for energy saving features from a particular builder. 
5) Real Estate Agents: 
Real estate agents, by and large, recognize the desire by the home 
buying market to purchase energy conserving homes. The time spent 
in informing sales people of the nature and significance of energy 
conserving features will be returned many times over by faster sales 
at slightly higher prices. 
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6) Home buyer: 
The home buyer, in many ways, is the most easily sold. No one 
wants to buy an energy hog. But the buyer must know what will 
be gained by paying the slightly higher price for an energy 
conserving home: 
A) Lower utility bills. 
B) Improved monthly cash flow,. 
C) Energy and dollar savings. 
D) Quality, tight construction. 
E) Greater comfort. 
F) Higher resale value. 
G) A hedge against increasing utility costs. 
The buyer can be informed of the existence and benefits of energy saving 
features by the following methods, among others: 
A) Use of the "Home Energy Profile Card" shown at the end 
of this section. Fill it out when the house nears completion 
and hang it in a conspicuous place, where it can be viewed 
by the appraiser, buyer, or salesman. Copies are available 
from the Home Builders Association of Georgia. 
B) Certification, promotion, and advertising offered by public 
utilities . 
C) Tagging of energy saving features in model homes or in all homes. 
D) Preparation of a descriptive brochure or use of available, existing 
brochures to promote the b enefits of energy saving features for 
prospective buyers. 
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E) Promotions to encourage energy conservation. For example, 
one developer in the Southeast has a promotional method in which 
he offers to pay the lowest monthly utility bill of the energy 
saving homeowners in his development. This approach stimulates 
interest in energy conservation by homeowners while giving the 
developer effective, low cost publicity. 
In conclusion, the energy saving home has advantages that make it more 
desirable to home buyers than the conventional home. Through effective co-
ordination, construction, and marketing of these homes, the far-thinking builder 
and home buyer are setting the trend for today's market. 
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HOME ENERGY PROFILE 
THIS HOME CONTAINS THE FOLLOWING ENERGY 
CONSERVATION FEATURES: 
BATT OR BLOWN INSULATION 
__ INCHES - CEILING 
__ INCHES -WALLS 
__ INCHES - FLOORS 
FOAM INSULATION 
__ INCHES LOC. AND TYPE __ 
__ INCHES LOC. AND TYPE __ 




AIR INFILTRATION BARRIER 
0 SILL SEALER 
0 WIRING HOLES CAULKED 
0 PIPE HOLES CAULKED 
0 POLY VAPOR BARRIER 
D ATTIC STAIR SEALED & INSULATED 
D ATTIC STAIR IN UNCONDITIONED SPACE 
ROOF 
0 LIGHT COLORED 
0 RIDGE AND SOFFIT VENTS 
0 WIND POWERED TURBINE VENT 
WINDOWS AND DOORS 
0 STORM SASH 
0 DOUBLE PANE 
0 FOAM CORE STEEL DOORS 
HEATING AND COOLING SYSTEM 
0 INSULATED DUCTS 
0 TAPED DUCT JOINTS 
0 HEAT PUMP: TONS 
0 SPLIT (ZONED) SYSTEM 
0 HIGH EFF. A/C EER (MIN. 9.0) 
0 SET BACK TYPE THERMOSTAT 
0 ELECTRONIC IGNITION ON FURNACE 
0 TIMER SWITCH ON EXHAUST FAN 
0 SOLAR 
FIREPLACE 
0 GLASS DOORS 
0 EXTERIOR COMBUSTION AIR 
0 CIRCULATING FIREPLACE 
0 TIGHT-FITTING DAMPER 
APPLIANCES & FIXTURES 
0 FLUORESCENT LIGHTS 
0 PILOTLESS IGNITION ON STOVE 
0 EXTRA INSUL. ON ELEC. WATER HEATER 
0 WATER-SAVING SHOWER HEAD 
0 LOW-FLUSH TOILET 
OTHER ENERGY SAVERS 
0 OVERHANGS FOR SHADE - SOUTH SIDE 
0 GARAGE ON WEST SIDE FOR SHADE 







5, EXTERIOR WAL1S: 
TYPICAL ENTRIES FOR FHA 2005 
DESCRIPTION OF MATERIALS FORM 
Additional information: _s_o_l_e.......;;.p_l_a_t_e __ -_l_a_t_e_:x_-_c_a_u_l_k_l_· n__:::g_t_o_f_l_o_o_r_i_n_,g~-------------------
6. R.OOR FRAMING: 
Joists: wood, grade, and specie-s ; ocher i br!Oging -------- ; anchon ------
Concrete slab: 0 basement floor; 0 first ftoor; 0 ground supported; G self-supponing; mill ; thickneu ___ "; 
reinfordng _____________ ; insulation ; membrane------------
F-ill under slab: matt>rial ;_thickness ___ H. Additional information :---------------
12. ROOFING: 
Additional information : li ht in color 
15. DfCORATING: (Point, wallpaper, elc.) 
Additional information: -~W...,i..,r..,e.._,.a...,n..,.dl...4p"-l'"'. p~e_....b ... o._.l ... e-...s:o........_l.aa.._t-"e..,x....__.c_.aa.tul.._l...,.k.~:e:....dL-----------------------
1 7. WINDOWS: 
Wrathrntripping: type ________________ ; materisl ___________ _ Storm suh, number _X.,_ __ 
18. ENTRANCES AND EXTERIOR DETAIL: 
Main t'ntrance door : matt'rial See Bel ow ; width ; thickness __ ". Frame: matt>rial _____ ; thickneso __ " 
Head flashing ______________ Weathentripping: type Mag and compressiQaaddles ________ _ 
Additional information : __ _::S:...:t:..:e:..:e::.l:::...._.::f..::a:..:c:..:e:..:d=--=-f=-o..::a..::m::........:c:..:o:..:r;:_e:::...._.::ic:cn:..:s:...:u=.:l::ca=...::t.::e-=d'--'d:..:o:..:o:..:r:.-s=---------------------
22. PLUMBING: 
fiXTUU Nuwau. l...ocATION I MAU Mra"a FtxTUar lolP<TUtCATION No. !JZE CoLOO. 
Water closet X X X X 3 1/2 Gal Water c nri no 
Bathtub 
Shower over tubl!. X X X X 1 r,pM W;,.t-pr c:,ndn 
StAll shower Ll. 
Laundry trays 
Aerators X X X X 2 GPM ~ator c:,ndn 
Water pipes Pine Ins tlRtion Rt Hot WatPr_ 1-loat- lr 
23. HEAnNG: 
Warm air: O Gravity. KJc Forced. Type of system _ _::G:..:a:..::s::........:F:...u=r.:..:n_::a:..:c:..:e:._ __ """!:'"'~=,_,.-;:;-;::-;:;-----~----------
D . 1 1 l Ia . F'1berglass h" L 2 " uct matena : supp y ; return ------- nsu uon , t Jcaneu __ _ 0 Outside air intAke. 
Furnace: make and model lnput Btuh.; output ______ Btuh. 
Additional information : Duct joints taped, pilotless ignition on furnace 
Other heating. ventilating. or cooling equipment continuous ridge and soffit vent, EER 9. 0 air conditioner. 
air conditioner 
25. UGHTING fiXTURES: 
heat rpclaimpr solar etc ) 
Number and location of Fluorescent light fixture. Nontypical installation -----=:..:..==~---===-=--=...::..:::...::.::..::.:..:......:....:___::..:=..=.=.-=...:-=...::..::..:::..::._;;:;.=.!i_~:.._=-=.:.:..::..=..:::...:::...:......_ __________ _ 
26. INSULATION: 
l...ocATION TIIICILHIM MATUIAL, TvK, t.NO Mn-..uo or INITAUAnoo< VA POl ll.tliU 
Roof 
Ceiling R-26_ Flber11:lass 8 1/4" Kraf~ Far<> 
Wall R-17 R-13 Fiberglass batt + R-4 rigid foam wall sbeathinQ Kraft Fa~e 
Floor R-11 Fiberglass batt Kraft FarP 
or R-4 orie inch - Beadboard perimeter insulation,_ 24" 
SPECIAL EQUIPMENT: , 
Pilotless ignition on range (make and model U) 
Also prepare a separate sheet entitled "Addendum to 2005", note section numbers 
which contain energy conserving items, explain their function if necessary. Make a 
note on page one of 2005; ''To the attention of the appraiser, see Addendum to 2005 




The energy conserving home can be built now, for little extra cost and 
with available materials. For about 3% extra cost to the homebuyer, the heating 
and cooling utility bills can be cut in half. The 'package' approach is best, 
not just adding a feature here and there. 
The following energy dos and don'ts will be useful reminders when designing 
the energy conserving house. 
DO 
Consider site orientation and shading 
Use a package approach 
Use natural attic ventilation 
Install fluorescent lights 
Use a cashflow sales approach 
us·e tested materials and products 
Minimize the amount of windows 
• 
Check subcontractors' work 
Duct exterior combustion air to furnace 
Choose compact house designs 
DON'T 
Allow oversizing of equipment 
Install needless appliances and equipment 
Make inflated claims 
Outprice yourself from the market 
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APPENDIX I 
SEASONAL HEATING COSTS 
The graph on the following page shows the dramatic effect that the R 
factor and its reciprocal, U, have on heat loss. 
Even small improvements in the R factor at low R's produce large 
savings, as in the case of adding storm windows on insulating an un-
insulated attic or heating ducts. Adding more insulation to an already 
insulated area, such as going from R-19 to R-26 attic insulation, yields 
smaller savings. The law of diminishing returns works against us at higher 
R factors. 
This graph may be used for the Atlanta area at present utility rates. 





Annual average degree days: 
Heating Unit 
Natural Gas Furnace 
Oil Burner 













The R factor in the graph is the overall R of the insulation plus sheet-
rock,sheathing,air film, etc. A tabulation of equivalent R and U values 
is found on the graph to aid in converting the two units. To calculate 
seasonal heating costs for other locations, multiply the Atlanta seasonal 
cost by local fuel cost and heating cost multiplier found in Appendix II, and 
divide by the Atlanta fuel cost. 
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Heating Cost Per Season vs R Factor & U Value 
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This graph can be used to check the payback period for adding insula-
tion. First find the difference in annual heating cost for standard and 
extra insulation thickness. This is the annual savings. Next divide the 
extra installed cost per square foot by the annual savings. The result is 
the payback period in years. 










season per sq foot 
II II II II 
II " " II 
II II " II 
0. 728 . 
= 0.447 ; .. 
0.364 . .. 
= 0.308 .. 
The above equations can be used with 11 U11 rather than 11R11 • Simply 
multiply by U rather than dividing by R . 





graph for air conditioning cannot be constructed due to the large and variable 
heat gain from windows. 
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APPENDIX II 
HEATING AND COOLING COST l'UJLTIPLIERS FOR OTHER CITIES. 
Data for annual cost and savings on the 1200,1600,and 2200 house plans 
can be estimated for cities throughout Georgia by use of the following multi-
plication factors. 
Heating Cost Cooling Cost 
City Multiplier Hultiplier 
Albany .61 1.62 
Athens .96 1.08 
Atlanta 1.00 1.00 
Augusta .82 1. 26 
Columbus .77 1. 35 
Dalton 1.08 .98 
Macon .72 1.44 
Rome 1.08 1.02 
Savannah .63 1.46 
These multipliers are based on 30 year average heating and cooling degree 
data from the National Weather Service. 
The following example shows how to estimate annual cost and savings for 
the city of Augusta for house plan 1200. Cost data is taken from the table 
entitled "Annual Heating and Cooling Cost and Consumption" 
For Augusta use .82 heating cost multiplier, 1.26 cooling multiplier. 
Standard 
Heating $420 x .82 = $344 
Cooling $145 x 1.26 =$183 
Total, Heating 
and Cooling Cost $527 
fnergy Conserving 
$130 X .82 




The total heating and cooling costs of $527 for the standard plan and 
$195 for the energy conserving plan are approximate value s for Augus ta . An 
exact est imate would also need to consider design temperature ratios. 
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Cost of fuel may vary from Atlanta. See Appendix I for Atlanta fuel 
cost; multiply by local fuel cost divided by Atlanta fuel cost. 
Cost for fuel oil and propane are not included in the comparative house 
plans. Use the following factors: 
Cost/Gal Fuel Oil LP Gas 
40¢ 1.06 1.59 
45¢ 1. 46 1. 79 
50¢ 1. 62 1.98 
55¢ 1. 78 2.18 
60¢ 1.93 2.38 
Multiply the heating cost data for natura l gas by the above factors 
to find fuel oil or LP gas cost after using heating cost'multiplier. 
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APPENDIX III 
COST DATA FOR ENERGY CONSERVING HOUSE PLANS 
Extra Cost over Standard Construction 
Item 1200 Plan 1600 Plan 2200 Plan 
Storm Windows $ 200 $ 240 $ 420 
Floor Insulation 44 195 139 
Attic Insulation 72 97 68 
Wall Sheathing-Foam 109 120 200 
Wall Insulation-Fiberglass 20 22 36 
Insulated Doors-Reg. 105 70 70 
Insulated Doors-French 75 75 
Ridge and Soffit Vents 89 ll2 61 
Sill Sealer 10 12 10 
Caulk Pipe, Wireholes 
and Soleplate 120 160 220 
Set Back Thermostat 85 85 
EER 9.0 A/C 150 200 
TOTAL $1,004 $1 ,388 $1,299 
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APPENDIX IV 
DEFINITION OF KEY TERMS 
BTU (British thermal unit) a unit of heat to express the amount of heat. 
The amount of heat required to raise the temperature of one pound of water one 
degree Fahrenheit. One kilowatt of electricity converted to heat in a resistor 
produces 3414 BTUs per hour. 
BTUH (BTU per hour) a rate of heat transfer. A structure loses heat at 
the rate of so many BTUH. Heating equipment must produce heat at an equal or 
greater BTUH rate to maintain temperature in the structure. 
"R" FACTOR Thermal resistance to heat flow of material of specified thickness. 
The "U" Factor for a building section equals 1 divided by the sum of resistances 
of materials used in the construction of a square foot of the building section. 
"U" FACTOR thermal transmittance. Heat loss through 1 sq. ft. of building 
section with a temperature difference of 1 degree Fahrenheit. 
HEATING LOAD the rate of heat transfer from a structure. Heat loss of 
windows, doors, walls, ceiling, floor and infiltration are added together to 
determine the heat loss of a structure. 
INFILTRATION 
openings. 
outside air which enters a structure through cracks or door 
AMBIENT TEMPERATURE the air surrounding an object 
EER a ratio calculated by dividing the cool i ng capacity in BTUH by the 
power input in watts at any given set of rating conditions, expressed in BTUH 
per watt. 
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HUMIDITY the ratio of the amount of water vapor actually present in the 
air to the greatest amount possible at the same temperature. 
TD the difference between indoor and outdoor design temperature expressed 
in degrees Fahrenheit. 
THERM a quantity of heat. One therm is 100,000 BTU 
KW a unit of power equal to 3413 BTU's 
KWH the electrical energy consumed by a 1,000 watt load in one hour of 
operation. 
A/C TONS a 1 ton air conditioner has 12,000 BTUH of cooling capacity. 
VAPOR BARRIER a material which resists the flow of water vapor 
COP (coefficient of performance) a ratio calculated by dividing the total 
heating capacity provided by the refrigeration system including circulating 
fan heat, but excluding supplementary resistance heat (BTUH) by the total 
electrical input (watts) times 3142 (a ratio calculated for both cooling 
and heating capacities by dividing capacity in watts by power input in watts). 
AIR CONDITIONING LOAD the rate of heat transfer through a structure. 
Heat gain of windows, doors, walls, ceiling, floor, and infiltration are 
added together to dete rmine the heat gain of a structure . 
SENSIBLE HEAT a t erm used in heating and cooling to indicate any portion 
of heat which changes only the temperature of the substance involved. 
LATENT HEAT a term used to express the energy involved in a change of 
state. 
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